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bl % daily efficiency 
obtained with C-E Unit 


comprised of Heine Boiler and 


Green Forced Draft Stoker 


[Heine Poaler (ompar 
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Green Forced Draft Stoker, 12 ft. wide by 14 ft. long, were placed in operation in 

the plant of the Mallinckrodt Chemical Works, St. Louis. A report received recently 
shows that this unit, burning southern Illinois screenings, running about 12,000 B.t.u., 
is producing steam at an average daily efficiency of 81 per cent. This means each pound 
of coal is producing 10 pounds of steam! 


[< JANUARY 1930 a Heine Long-Drum Boiler 6040 sq. ft. heating surface and a 


The Chief Engineer stated that during the eighteen months the unit has been on the 
line, there has been no expense for furnace maintenance or for maintenance on the 
stoker or pressure parts. 


High efficiencies with relatively cheap coals are characteristic of the performance of C-E 
steam generating units. Such results mean low steam costs. 


Send for our General Condensed Catalog. 


(oppnun 
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Heine Boiler being delivered to the St. Louis plant of the 
Mallinckrodt Chemical Works. Upper_left—Cross-section 
showing Heine Boiler and Green Forced Draft Stoker. 
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200 Madison Avenue, New York 





PRODUCTS OF COMBUSTION ENGINEERING CORPORATION 


BOILERS STOKERS Type E Underfeed Stoker PULVERIZED FUELSYSTEMS C-E Water-Cooled Furnace 
Combustion Steam Generator Coxe Travelling Grate Type K Underfeed Stoker —_ Lopulco Storage System C-E Air Preheaters 

Heine Boilers Stoker (for small boilers) Lopulco Direct Fired System C-E Economizers 

Ladd Boilers Green Chain Grate Stoker C-E Stoker Unit MISCELLANEOUS C-E Ash Conveyors 
Walsh-Weidner Boilers C-E Multiple Retort Stoker (for low-pressure boilers) Raymond Pulverizing Mills C-E Ash Hopper 


LITERATURE ON ANY OF THESE PRODUCTS WILL BE SENT UPON REQUEST 











COMBUSTION 


VO. gee & FS £8. °° eae. 2? 








CONTENTS for JUNE 1932 


FEATURE ARTICLES 
4,240,000 lb. per hr. Steam Plant Addition to Hudson 


Avenue Station Now Completed ee SE errr errer 10 
The Economics of Electric Power Production by John T. Farmer ........ 22 
The Design of Steam Generating Plants by F. H, Rosencrants ....... 29 
Discussion of A. T. Brown’s Paper “Some Notes on the 

Performance of Boiler Furnaces” by L. J. Marehall........... 35 
Extension to Hackney Station Completed by David Brownlie ........ 40 

EDITORIALS 
Cammeinnithcn of Gaguthee «. «+000 0:0380s0tibvnnnsantdnsbsderisdivvenriantsede ce wes 9 


Plant Modernization and Extension—An Opportunity to Hasten Business Recovery 9 


The Growth of Central Heating ....... REE CITTICT TT ETT Tree 9 


DEPARTMENTS 


New Equipment—Automatic Welding Head Feeds Filler Metal to Shielded Are, 
Preventing Escape of Unburned Gas or Oil, Boiler Water Testing Cabinet ...... 44 








Genesal Anticie Inden—(Vee 3, Nea: F te: 22) ccccccccccccteseccicsccccicacdeen 45 
Equipment Sales—Boiler, Stoker and Pulverized Fuel ...................220005. 50 
ii: i I I a ig hin 6th SS BED ie 6a ON oe a ed 51 

H. Stuart ACHESON CHARLES McDonoucH F. H. Rosgncrants 


General Representative Editor Associate Editor 


COMBUSTION is published monthly by In-Ce-Co Publishing Corporation, a subsidiary of International 
Combustion Engineering Corporation, 200 Madison Avenue, New York. London office, Aldwych House, 
Aldwych, W.C.2. W. R. Wood, President; George H. Hansel, Secretary; W. I. Branigan, Treasurer. 
SUBSCRIPTIONS, including postage, United States, $2.00, Great Britain, $2.50 a Year. Canada $3.00 
(includes Canadian tax). Other countries, $3.00. Single copies: 25 cents. 


COPYRIGHT, 1932, by In-Ce-Co Publishing Corporation, New York. Printed in U.S.A. Publication 
office, 200 Madison Avenue, New York. 

















HEATING 
THE TALLEST 


IN THE BUCKEYE STATE 























The Carew 
Tower, Cincin- 
nati, Obio. 


Architects: Walter W. Ablschlager, Chicago; 
Associate Architects: Delano & Aldrich, 
A. I. A.; General Contractors: Starrett Com- 
pany, Inc., Chicago; Electrical Contractors: 
Hatfield Electric Co., Cincinnati. 

















Left—One of the four Westinghouse Single 
Retort Stokers in the boiler room of the Carew 


STOKERS ™«: 





HE Carew Tower marks a new skyline for 

Cincinnati and is the tallest building in 
all Ohio. This forty-eight story structure also 
marks new standards in building design and 
management, for this one building embodies a 
large hotel, department stores, office space and 
an automatic parking garage. 


The heating system for such a building is exten- 
sive and one which must function economically 
and constantly, hour after hour and day after 
day. It is significant that in the planning of the 
Carew Tower heating system, four Westing- 


house Single Retort Stokers were chosen to 
meet its entire combustion requirements. 


The ability to handle heavy loads for long 
periods with high average efficiency and low 
maintenance is an inherent characteristic of 
Westinghouse stokers. For this reason, the 
managers of buildings, large and small, rely 
upon them to give many years of dependable 
and economical service. 


Write the nearest Westinghouse office for assis- 
tance in your coal burning problems. 





Quality workmanship guarantees every Westinghouse product 























Westinghouse 
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ou Will Find 
TIC-TITE at HUDSON AVE. 


PLANT OF BROOKLYN EDISON COMPANY 








At the 

HUDSON AVE. 
STATION of 

THE BROOKLYN 
EDISON CO. 
STIC-TITE 
INSULATES 


Parts of Flues on Units 
7 and 8 


Flue Necks 

Removable Panels 

Surge Tanks 

High Pressure Heaters 

Low Pressure Heaters 

All Flanges and Fittings 


and Pipe 4 in. in size and 
smaller, both Low and 
High Pressure. 


Parts of Duct Work 
Drip Tanks 
De-Superheaters 


Economizers 
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—plenty of it! 


There are many reasons why central power stations and the larger in- 
dustrial plants use STIC-TITE for much of their insulation work. 


STIC-TITE is a patented insulating material, an insulating cement, 
that requires only the addition of a little fresh water to make a perfectly 
plastic material that sticks tight to any clean surface. Being a plastic 
it can be molded over, under, around and between all parts of equip- 
ment. It can be applied by hand or with a trowel. And when the job 
is complete you not only have saved much in initial costs but in applica- 
tion costs as well, for STIC-TITE requires no costly cutting, tying, fit- 


ting or canvasing. Once applied, it sticks forever. 


In insulating value STIC-TITE compares with that of 85% mag- 
nesia at the lower temperature ranges. And in the higher heat brackets, 


STIC-TITE still maintains a remarkable heat saving power, in fact 
well up to 2000 deg. fahr. 


Why not use STIC-TITE in your plant? Your own men can apply 
it. Ask us for the details today. 


Refractory & Engineering Corporation 
381 Fourth Avenue, New York, N. Y. 


STIC-TITE may be procured from warehouse stocks in Boston, Norfolk, 
New York, Chicago, Baltimore, Pittsburgh, Philadelphia 


Applied as a plastic, 


dries to a one-piece, 
we jointless covering. 
It STICS - TITE! 







' Refractory & Engineering Corporation ] 
| 381 Fourth Avenue, New York, N. Y. | 
Gentlemen: Please send me your illustrated booklet about STIC-TITE. | 
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The Big Jobs 

The Difficult Jobs 

The Reeord-Breaking Jobs 

and The Small Jobs e ec e e 


Largest Power Station —tThe Hudson Avenue Station of the Brooklyn 
Edison Company, where Combustion Engineering Corporation recently completed 
the installation of eight boiler units. The contract awarded this company, covering 
boilers, water-cooled furnaces, economizers, settings, etc., amounted to more than 
$2,000,000 and was the largest of its kind ever placed. These boilers, occupying 25 
per cent of the steam plant building space, will generate over 40 per cent of the 
station’s steam supply. 


Largest Boilers —a: the East River Station of the New York Edison 
Company, where 3 complete C-E units, each capable of producing over 1,250,000 
lb. of steam per hr., are installed. Overall operating results, as recently published, 
indicate record performance. 


Highest Pressure — a; the Lockland, Ohio, plant of the Philip Carey 
Company. Installation comprises 2 complete C-E units designed to produce 150,000 
lb. of steam per hr. at 1840 lb. pressure and 819 deg. total temperature. This is 
the highest pressure in commercial use in America. 


Highest Sustained Ratings —a: the Kips Bay Station of the New 
York Steam Corporation, where Boiler No. 5, a complete C-E unit, guaranteed to 
produce 700,000 lb. of steam per hr. at maximum capacity, has performed as follows: 
has produced steam at a rate in excess of 1,000,000 lb. per hr.—for 12-hr. periods 
has averaged 908,500 lb. per hr.—over a one-month period, 24 hr. per day, has 
averaged 693,864 lb. per hr.—over a three-month period, 24 hr. per day, has averaged 
641,000 lb. per hr. The availability factor of this unit is 96 per cent. The four 


units previously installed in this plant are also complete C-E units. 


Largest High-Pressure. Industrial-Plant Boilers —at 
the Rouge Plant of the Ford Motor Company, where 2 complete C-E units are in- 
stalled. These units are guaranteed to produce 700,000 lb. of steam per hr. at 1350 
lb. pressure and 750 deg. total temperature. All the fuel-burning and steam-generat- 
ing equipment previously installed in this plant, the largest industrial steam plant 
in the world, is of C-E manufacture. 


Largest High-Pressure. Central-Station Boiler—at the 
East Port Washington Station of The Milwaukee Electric Railway & Light Company, 
where a complete C-E unit, now being erected, will be the sole source of steam 
supply for an 80,000 kw. turbo-generator. Designed for 1390 lb. pressure, 830 deg. 
total temperature, and a maximum capacity of 690,000 lb. of steam per hr., it is 
not only the largest high-pressure, central-station boiler but is also believed to be 
the largest single-type, bent-tube boiler built to date. 


Largest Single-Tyupe. Sectional-Ieader Boiler —t the 
Burlington, N. J., Station of the Public Service Electric & Gas Company, where a 
complete C-E steam-generating unit is installed to serve four turbo-generators total- 


ing 63,000 kw. This unit is designed to produce 525,000 lb. of steam per hr. at 730 
lb. pressure and 860 deg. total temperature. 


f Note: The term, complete C-E unit, is inclusive of boiler, furnace 

| (including water-cooled surfaces) and fuel-burning equipment. In 
nearly all of the cases mentioned above it also includes pulverizing 

| equipment, and, where installed, air preheaters and economizers. 
The term largest refers to steaming capacity. 
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WHY? 


Largest Single-Pass, Sectional-Header Boiier— At the 
Duluth Station of the Minnesota Power and Light Company, an affiliate of Electric 
Bond & Share Company, where a complete C-E unit, the only unit installed in the 
plant, serves a 20,000 kw. turbo-generator. This unit, including the largest single- 
pass, sectional-header boiler ever built, has established new performance standards 
for this type of boiler. 


And the Small Jebs— Type E Stokers, Coxe Stokers and Green Stokers, 
to mention but three of the complete line of C-E mechanical stokers, are serving 
approximately 4,000,000 rated boiler horsepower. For the most part, these stokers 
are installed under boilers of less than 500 hp. In many cases the boilers also are 
of C-E manufacture. Suffice to say that C-E stokers and boilers have been chosen 
for literally thousands of typical small plants. 





The Answer—wWhat is behind all this recognition, this confidence in the 
engineering ability of one organization? It is due primarily to the forward-looking 
policy which this organization has evidenced for many years. It was this policy 
which led to the initial development and subsequent improvements in the art of 
burning pulverized fuel. This single development was directly or indirectly 
responsible for practically all of the amazing progress made in this field during the 
past decade. Air-cooled furnaces, water-cooled furnaces, air preheating, improved 
stoker designs, larger boilers and higher rates of evaporation all followed in logical 
order the successful pioneering of pulverized fuel by this company. And in each of 
these subsequent developments this organization played a major part. It also con- 
tributed in large measure to the advancement of practical thermodynamics, in terms 
of heat cycles utilizing the greater efficiency of higher pressures and temperatures. 


Today this policy is manifesting itself in still further improvement in the design 
of C-E stokers, boilers, pulverized fuel equipment, air preheaters, economizers and 
in the recently completed development of a technique for the fusion welding of 
boiler drums assuring results equal to or exceeding A. S. M. E. Code requirements. 


And so with the confidence that comes of actual achievement, we continue to say 
to the purchaser of steam plant equipment who seeks the most for his dollar in 
advanced engineering, in quality of design, manufacture and installation, and, most 
important of all, in year-in and year-out economy and reliability of operation— 
entrust your fuel-burning and steam-generating problems to Combustion Engineer- 
ing Corporation. This statement applies equally to the smallest stoker-fired plant 
and to the largest power station. In either case, our principal concern is to give 
the purchaser the best installation possible. 


COMBUSTION ENGINEERING CORPORATION 


200 Madison Avenue New York 
PRODUCTS OF COMBUSTION ENGINEERING CORPORATION 
BOILERS STOKERS Type E Underfeed Stoker PULVERIZED FUEL SYSTEMS C-E Water-Cooled Furnace 
Combustion Steam Generator Coxe Travelling Grate Type K Underfeed Stoker Lopulco Storage System C-E Air Preheaters 
Heine Boilers Stoker (for small boilers) Lopulco Direct Fired System C-E Economizers 
Ladd Boilers Green Chain Grate Stoker C-E Stoker Unit MISCELLANEOUS C-E Ash Conveyors 
Walsh-Weidner Boilers C-E Multiple Retort Stoker (for low-pressure boilers) Raymond Pulverizing Mills C-E Ash Hopper 


LITERATURE ON ANY OF THESE PRODUCTS WILL BE SENT UPON REQUEST 
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Uehling Combined Barometer 


and VACUUM RECORDER 
FOR STEAM TURBINES 























































ABSOLUTE PRESSURE 
RECORDER 


Records Vacuum and Barometric 
Pressure on the same Chart 


Mercury Column Principle 

Permanent Accuracy — Remark- 
able Legibility 

Expanded Scale for important 
part of range 


Standard charts in inches of 
mercury 25” to 31”, 20” to 31”, 
also 630 to 760 mm, and 500 to 
780 mm, 


Send for Bulletin 150 


THE CO: RECORDER FOR 
DISCRIMINATING 
ENGINEERS 


Separate CO: Indicator 
for Firemen 


CO: Recorder for Chief 


Manufacturers Engineer’s Office 
of 





Continuous Record on 


CO, Recorders open legible Chart (not 
Vacuum Recorders intermittent) 

Pressure Recorders No Chemical Solution 
Draft Recorders Pre-eminent for Accuracy 


and Reliability for the 


t forty years 
Temperature Regulators ii as UEHLING 
Semmncsiinn Bide Send for Bulletin 118 co RECORDER 


Automatic Control 


Temperature Recorders 











VEHLING INSTRUMENT COMPANY 


4 VESTRY STREET * PATERSON 7 NEW JERSEY 











June 1932—COMBUSTION 








ALL 


Refractory and 
Insulation Work 
on the Settings of the new 
Boilers at the Hudson Avenue Station 
Brooklyn Edison Company 
Furnished and 
Installed by— 


BALLARD, SPRAGUE & COMPANY, INC. 


25 EAST 26th STREET NEW YORK, N. Y. 


Ballard-Sprague have installed boiler and furnace settings 


in many notable power stations and industrial plants. 
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Ten years ago the Crosby Nozzle 
Safety Valve was an experiment. 
But today this type of safety valve 
is practically a necessity where 
large volumes of steam at high 
pressures must be relieved effi- 
ciently and economically. That is 
why you will find Crosby Safety 
Valves on many of the largest 
boilers in the world. 


Yet you do not have to build “the 
largest boilers in the world” to 


ROSBY BUILDS 
LARGEST SAFETY VALVES : 


have the benefit of the Crosby 
nozzle principle. These valves, 
and relief valves too, are available 
for all pressures from a few pounds 
to the highest. And their cost is 
comparable with that of the less 


efficient class. 


Why not inquire about Crosby 
Nozzle Safety and Relief Valves 
today? We'll gladly send you 


complete information. 





CROSBY STEAM GAGE & VALVE CO. 


BOSTON 


NEW YORK 


CHICAGO 


Makers of Safety and Relief Valves, Indicating and ‘Recording Gages, Gage Testing Equipment, Blow-Of, 
Globe, Angle and Check Valves, Steam Engine Indicators, Chime Whistles, Etc. 





WORLD 





CROSBY GAGES 
ARE BETTER 


Crosby Steam Gages 
are recognized through- 
out the world for their 
high quality and de- 
pendable performance. 
You may obtain them 
for all pressures and 
temperatures and in all 
types. May we send 
complete information? 
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Complexities of Superheat 


HE problem of obtaining and maintaining the 
desired temperature of superheat, always a dif- 
ficult one, has become more complicated with the 
developments of recent years with respect to both 
design and practice. The conventional allowance 
of 10 degrees, plus or minus, provides a very lim- 
ited range in determining the amount of superheat- 
er surface required to assure the total temperatures 
specified at various ratings. The problem becomes 
particularly involved when two or more fuels are 
contemplated, since variables such as heat absorp- 
lion in water-cooled furnaces and differences in 
volume of products of combustion per million 
B.t.u. with different fuels do not lend themselves to 
accurate evaluation. 

Compensation, to a considerable extent, can be 
effected in various ways, as, for instance, by the use 
of mechanical means for controlling the volume of 
gases passing through the superheater. However, 
such means are not adaptable to all boiler designs. 

Fortunately, the amount of data showing results 
under various conditions of design, operation, fuel, 
ete.. is increasing and eventually will enable closer 
evaluation of the variables mentioned. 

It is highly important that progress be made 
along these lines. as any excessive variation in su- 
perheat is a serious matter from the standpoint of 
thermal efficiency. In the higher temperature 
range there is an increase of approximately .8 of 
| per cent in steam consumption for every 10 de- 
grees drop in superheat, with a consequent loss of 
about .4 of 1 per cent in efficiency, while tempera- 
tures much above those for which the turbine 
equipment is designed may have serious conse- 
quences. 

Because of the importance of this problem, Com- 
bustion plans to publish one or more articles which 
will present the subject as comprehensively as 
available data permit. 


Plant Modernization and Extension 
—an opportunity to hasten business recovery 


HE story of an important engineering achieve- 

ment is told in this issue in the article de- 
scribing the latest addition to the steam plant of 
the Brooklyn Edison Company’s Hudson Avenue 
Station. There are many notable aspects of this 
installation—for example, the boiler contract was 
the largest ever placed, the boilers are the largest 
stoker-fired boilers in the world, and the additional 
capacity provided by these units makes the Hud- 
son Avenue Station the largest power station in the 
world. But aside from the magnitude of this work 
as an engineering achievement, there is another 
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side—a side of large social and economic aspect. 

It has been estimated that this project, begun in 
1930 when unemployment was widespread and 
increasing at an alarming rate, provided approxi- 
mately 7,000,000 man hours of labor. Or, to put it 
another way, it furnished 6 months’ employment 
for about 7000 men. Not only did it provide em- 
ployment for a large number of local men, but it 
also maintained the jobs of hundreds of others in 
the employ of mines, steel mills and manufacturing 
establishments supplying the raw materials and 
the finished equipment required. 

This suggests the large opportunity for aiding 
the unemployed and expediting business recovery 
that is available to those public utilities and indus- 
trials who are in a position to finance plant mod- 
ernization or extension programs. Where such 
programs will pay their way in subsequent savings 
or will be required to meet conditions a year or 
two hence, there is ample economic justification 
for getting them under way at this time when 
equipment prices and labor costs are at a low 
point. Under present conditions of increasing 
availability of credit, there are undoubtedly many 
such projects which could be readily financed. The 
benefits of such undertakings would disseminate 
(through many industries, and, in the aggregate. 
would make an effective contribution to the im- 
proved morale of business generally. 


The Growth of Central Heating 


HE New York Steam Corporation has recently 
published a book for private distribution which 
relates the story of the founding of the company in 
4882 and tells of its development to date. The his- 
tory of this company may be said to typify the de- 
velopment of the central heating idea. How amaz- 
ing this development has been is best indicated by 
the fact that central heating service is now sup- 
plied to about 2500 buildings in New York City. 
These buildings, including such notable structures 
as the Empire State, the Chrysler and those which 
will comprise Radio City, have an aggregate cubic 
content representing about 15 per cent of the vol- 
ume of the buildings on Manhattan Island. In 
order to supply this service the New York Steam 
Corporation operates four plants, the most impor- 
tant of which is the Kips Bay Station, which has a - 
present capacity of 2,400,000 lb. of steam per hr.., 
with space provided for enlargement to give an ul- 
timate capacity of 7,000,000 lb. of steam per hr. 
Other large cities throughout the country are 
now being served by central steam plants, and it 
appears quite probable that this type of service will 
increase until it becomes one of the largest and 
most important branches of the utility business. 





The accompanying article describes one of 
the largest and most important installations 
of steam generating equipment made in re- 
The completion of this work 
brings to the Hudson Avenue Station of the 
Brooklyn Edison Company the distinction of 
being the largest power-generating station in 
the world . . . . The engineering problems 
incident to providing the required boiler 
capacity within the limitations of the exist- 
ing building were of a particularly difficult 
character. The building, including coal 
bunkers and stacks, was completed in 1926, 
and no changes to the existing bays were 
permitted. Column loads were limited, and 
“‘marine-type” clearances had to be adhered 
to in order to keep within the allotted space. 
Notwithstanding these obstacles, modern, 
efficient, high-capacity units have been in- 
stalled. It is especially noteworthy that 
these new units, occupying but 25 per cent 
of the boiler-house building space, will be 
capable of generating over 40 per cent of the 
station’s total steam output .... The suc- 
cessful completion of this installation is an 
achievement which reflects much credit on 
the Mechanical Engineering Department of 
the Brooklyn Edison Company and on the 
manufacturers who designed and installed 
the equipment. 


cent years. 


N 1924 the initial installation of three 50,000 kw. 

turbine units was completed in the Hudson Ave- 
nue Station of the Brooklyn Edison Company. 
These machines were the largest in the world at the 
time. They were followed in 1926 by No. 4 unit of 
80,000 kw., in 1928 by No. 5 unit of 110,000 kw., 
and in 1930 by No. 6 unit of 140,000 kw. 

Early in 1930 orders were issued by M. S. Sloan, 
then President of the New York Edison System, to 
install No. 7 and 8 units, these two units to have a 
combined capacity of 220,000 kw. and both to be 
available in the early part of 19382. Subsequent in- 
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4,240,000 Ib. per hr. 
Hudson Avenue Station 






By A. R. LUDT, Engineer 


Combustion Engineering Corporation 
New York 


vestigations showed that two units with a com- 
bined capacity of 320,000 kw., could be installed 
in the turbine room and it was decided to proceed 
with the project on this basis. 

This decision, however, introduced the very dif- 
ficult problem of providing adequate steam capac- 
ity. At first it was planned to continue the in- 
stallation of boilers and stokers of the general size 
used on the No. 5 and 6 rows, with two similar 
but somewhat larger boilers to be installed on the 
dock immediately adjacent to the boiler house 
building. As the negotiations developed it became 
evident that stokers could be bought guaranteed 
to furnish the required steam from eight boilers 
inside the existing building, if adequate furnace 
volume and boiler capacity could be provided. The 
elimination of the additional boiler units on the 
dock, it was found, would result in a saving of 
approximately $2,500,000, which made this possi- 
bility very attractive. 

This problem was solved and the necessity for 
plant extension eliminated by the development of 
a bent tube boiler design which utilized practically 
all of the available space and which was capable 
of generating a maximum of 530,000 lb. of steam 
per hr. per boiler, or a total of 4,240,000 lb. for the 
eight units. Since the steam requirement for each 
turbine when running at a maximum capacity 
amounted to approximately 1,500,000 lb. per hr., 
the boiler capacity available through this design 
allowed for a spare boiler unit for each turbine. 

Fig. 2, a typical section through three of the 
boiler bays, shows how this boiler was propor- 
tioned to give the maximum heating surface and 
furnace volume in the limited space available. In 
Bay 5 of this illustration is shown an outline of the 
boilers serving No. 5 turbine; in Bay 6 is a typical 
outline of the bunkers and steel as originally in- 
stalled; and in Bay 7 is an outline of the proposed 
unit. The arrangement of this unit provided a 
furnace volume sufficiently greater than that of the 
previous units to meet the required increase in fur- 
nace heat input. 

The contract for furnishing and installing eight 
units, including boilers and accessories, econo- 
mizers, superheaters, waterwalls, boiler and fur- 
nace casings, settings, insulation and necessary 
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Steam Plant Addition to 


Now Completed 


Rear view of furnace 
interior showing lower 
corner of stoker and 
cast-on-block water- 


wall construction in 
lower rear and side 
walls. 


changes in the existing sleel work, was awarded 
to the Combustion Engineering Corporation, the 
originator of the design described. This contract, 
amounting to over $2,000,000, was one of ithe 
largest boiler contracts ever placed in this country. 
The new boilers serve two duplicate 160,000 kw. 
General Electric 1800 r.p.m., 16,500 volts, 3 phase, 
60 cycle, 80 per cent power factor turbine-genera- 
tors which are the largest single-shaft turbine-gen- 
erators ever built for this speed. The addition of 
these turbines brings the total station capacity 
up to 770,000 kw. which increases its capacity 
370,000 kw. over that contemplated in the original 
design of the building and makes it the largest 
power station in the world. All eight boilers will 
be in operation by.the time this article appears. 
General layouts of the units are shown in Figs. 
5 and 6. The layouts clearly indicate how the 
various parts were proportioned to fit into the 
available space. It is interesting to note that al- 
though the space occupied by the eight new units 
is only 25 per cent of the total boiler-room area, the 
steam generated by these units supplies turbine- 
generators which have a kw. capacity equal to 
over 40 per cent of the station’s total capacity. 
When the boiler units were in the early stages 
of design there was some fear that their large size 
would seriously interfere with the Brooklyn Edison 
Company’s policy of unrestricted accessibility to 
all parts of the equipment. Careful planning and 
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close cooperation between the engineering depart- 
ment of the Edison Company and the manufac- 
lurer resulted in a layout in which all parts of the 
unit can be reached by properly located access 
doors, platforms, and walkways. 

The principal details of size, capacity, expected 
performance, etc. of each unit are as follows.: 


Design Pressure 500 Ib. 
Operating Pressure 440 Ib. 

Total steam temperature (maximum rating) 755 deg. fahr. 
Boiler heating surface 24,450 sq. ft. 
Waterwall heating surface (exposed) 3,846 sq. ft. 
Economizer heating surface 22,400 sq. ft. 
Superheater heating surface 5,740 sq. ft. 
Furnace volume 14,000 cu. ft. 


*Coal consumption 57,000 Ib. per hr. 
*Heat liberation per cu. ft. of furnace volume 57,000 B.t.u. 
Steam per hour (maximum rating) 530,000 Ib. 
*Feedwater temperature entering economizer 275 deg. fahr. 
*Feedwater temperature entering boiler 397 deg. fahr. 
*Gas temperature entering economizer 825 deg. fahr. 
*Gas temperature leaving economizer 465 deg. fahr. 
*Draft loss total through boiler and 


economizer 12.75 in. water 


Expected efficiency at 132,500 Ib. of steam 

per hr. 89.8 per cent 
Expected efficiency at 231,875 Ib. of steam 

per hr. 87.0 per cent 
Expected efficiency at 298,125 lb. of steam 

per hr. 84.8 per cent 
Expected efficiency at 384,250 Ib. of steam 

per hr. 81.4 per cent 
Expected efficiency at 463,750 Ib. of steam 
_ per hr. 77.3 per cent 
Expected efficiency at 530,000 Ib. of steam 

per hr. 70.5 per cent 


*At maximum rating. 
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The performance figures given are based on coal 
of the following proximate analysis: 


Fixed carbon 69.0 per cent 
Volatile matter ws” ” 
Moisture — 
Ash __ cies 


B.t.u. per lb. as fired 14,000 
B.t.u. per lb. dry 14,600 — 

Details and identification of the various items of 
equipment are given in tabular form at the end 
of the article. 


Boilers 


The following detailed description of the boilers 
may be more readily understood by reference to 
Figs. 5 and 6. 
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Fig. 2—Typical section through 3 boiler bays showing com- 

parison of arrangement of new units with those installed in 

previous plant extension. Bay 6 shows outline of existing 
bunkers and of steel work prior to new installation. 


The centerline of the dry steam drum is located 
85 ft. above the basement floor. This drum is 48 
in. inside dia., 2 in. thick and the length over drum 
heads is 26 ft. % in. On this drum are located 
three nozzles for the safety valves. By using the 
new Crosby safety valve it was possible to reduce 
the number of valves required on this drum from 
6 to 3. Nozzles for vents and auxiliary steam con- 
nections are also located on this drum. Deflecting 
baffles are provided and located in front of the 
steam intake tubes. The bottom of this drum is 
equipped with 4-in. drain tubes connected to a 
header located underneath the drum which in turn 
connects to 4-in. dia. tubes discharging into the 
lower side wall header of the furnace waterwall. 
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This system is provided to drain off any water 
carried over from the upper rear boiler drum. ‘T'wo 
rows of 3% in. circulating tubes, extending over 
the upper length of the dry steam drum, distribute 
the steam to two collecting headers. The collecting 
headers are connected by steel castings to the con- 
tinuous saturated steam header of the superheater ; 
from this header the steam is passed through the 
superheater elements into a continuous outlet 
header from which the superheated steam is dis- 
charged on both ends. This arrangement is indi- 
cated in Figs. 5 and 6. 

Two 54-in. inside dia. steam and water drums, 
spaced 8 ft. 9 in. apart and connected together with 
steam and circulating tubes, are located 10 ft. 3 in. 
below the dry steam drum. These drums are 2% 
in. thick and the length over heads is 34 ft. 4%%4 
in. Both heads of the rear drum are provided with 
flanged nozzles for connecting feedwater regula- 
tors and gage glasses. Flat gage glasses, arranged 
in three sections to give a visibility of 30 in., are 
located symmetrically about the horizontal center- 
line of the drum. Water columns have been elim- 
inated. The gage glass holder is piped to the drum 
in the conventional manner and a rigid spacer bar, 
attached to the upper and lower pipes where they 
are flanged to the gage valves, holds the center to 
center distance between the valves to a fixed dimen- 
sion. An overflowing type feed pan distributes the 
feedwater over the length of the drum. Two 6-in. 
feed nozzles located on the top section of the drum 
shell at each end supply water to the feed pan 
through pipe connections. Deflector baffles are lo- 
cated at the point where the upper steam circulator 
tubes from the front drum enter. The front drum 
has been provided with a perforated baffle located 
approximately on the horizontal centerline of the 
drum and extending over the entire water surface 
of this drum. A 54-in. dia. mud drum is located 29 
ft. below the center of the 54-in. dia. upper drums 
and 7 ft. 1 in. back of the upper rear 54 in. dia. 
drum. The relation of drums to one another was 
determined by the location of building columns 
and existing steel. The mud drum is 2% in. thick 
and the length over heads is 28 ft. 134 in. Four 
2% in. nozzles have been provided on the bottom. 
Two of these connections are used for blowoffs. 
Sampling lines with necessary valves have also 
been connected to this drum. 

Boiler tubes are 3 in. dia. No. 8 gage and are 
arranged in three banks. There are 39 tubes 
spaced on 71% in. centers across the width of the 
boiler in the front bank and 48 tubes spaced on 
alternate 5144 and 634 in. centers in the second and 
third banks. The boiler width at the front is 25 
ft. 1434 in. inside of walls and at the rear of the 
boiler is 24 ft. 2 in. The 48-in. dry steam drum is 
supported on saddles resting on steel work located 
beneath the drums. The upper front drum is sup- 
ported on saddles resting on steel girders. The 
upper rear drum is supported from overhead steel 
by means of U-hangers fitted to the underside of the 
drum. Stops are provided at each end of the mud 
drum to prevent this drum moving forward. Soot 
cleaning doors are provided at each side of the 
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Fig. 3—Reproduction of model of one of new boiler units. 


boiler directly above the mud drum for removal 
of soot. Cast-iron soot hoppers with poke doors 
are also provided at the bottom of the rear pass. 

Four Diamond soot blowers for cleaning super- 
heaters are located directly behind the front bank 
of boiler tubes. Dialoy bearings for the soot 
blower elements have been bolted to Dialoy lugs 
located on every other tube, these lugs being 
welded to the boiler tubes. Tile baffles with 
necessary ‘‘kicker” tile are located on the first and 
last tubes of the middle tube bank, these tile being 
held to the tubes by means of cast-iron bars located 
at each horizontal joint between the tile and bolted 
to the tubes. Slag cleaning doors are provided in 
the front wall of the boiler but, to date, they have 
not been used as there has been no accumulation of 
slag on the front boiler tubes. 


Superheaters 


Elesco superheaters of the intertube type are in- 
stalled between the boiler tubes of the front bank, 
each row comprising multiple-loop, single-pass 
superheater units of 2-in. tubing arranged in three 
sections. Saturated steam is first taken to a dry 
drum, then by a series of tubes to a collecting 
header, located directly above the upper front 
boiler drum, to give flexibility on account of the 
large amount of steam being handled in a confined 
space. The steam enters the middle of the satu- 
rated-steam header of the superheater, and after 
passing through the units, the superheated steam is 
discharged from both ends of the outlet header, lo- 
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cated directly above the saturated-steam header, 
into two 12-in. steam lines which form an over- 
head loop connected at the center where they dis- 
charge into the main steam line. This arrange- 
inent assures an even distribution of steam through 
the entire section of superheater units. Super- 
heater units are connected to the saturated and 
superheated headers by metal-to-metal, clamped 
ball joints. Saturated and superheated steam 
headers are supported from saddles welded to the 
top of the upper front boiler drum. Rollers are 
provided at each end for expansion of the headers 
which are also anchored at the center support. 


Stokers 


The boilers are fired by Taylor multiple-retort, 
underfeed stokers manfactured by the American 
Engineering Company. Each stoker is designed 
to burn a maximum of 57,000 lb. of coal per hr. 
at the maximum boiler capacity of 530,000 lb. of 
steam per hr. These stokers are 15 retorts wide, 
by 69 tuyeres long and are the largest multiple 
retort stokers ever built. The underfeed length, 
excluding the clinker pit, is 23 ft. 2 in., the pro- 
jected length 26 ft. 734 in., the width 26 ft. 0% 
in. and the projected grate area 694 sq. ft. When 
operating at maximum capacity, each stoker will 
burn an equivalent of 82 lb. of coal per sq. ft. of 
projected grate area per hr. The drive for each 
stoker consists of a 40 hp. alternating-current, 
constant-speed motor driving a Hele-Shaw pump 





Fig. 4—Reproduction of diagram-model 
showing section through new unit. 
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Fig. 5—Front elevation and section of two of new units. 


The discharge from the hydraulic pump 
operates a hydraulic motor unit which in turn 


unit. 


drives the stoker. The stoker speed is controlled 
by varying the oil displacement in the pump unit. 
The double-roll clinker grinder is operated by a 
driving assembly consisting of a 5 hp. constant 
speed, alternating current motor driving a pump 
unit. Oil discharged from the pump unit operates 
two hydraulic cylinders, one on each side of each 
stoker, which in turn operate the clinker rolls 
through a ratchet drive. 
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Water Walls 


The furnace has been designed to accommodate 
a stoker requiring a width of 26 ft. 2% in. from 
face to face of the tube blocks and a length of 26 
ft. 9 in. from the inside of the front wall to the 
face of the blocks on the rear wall. This is the 
largest water-cooled furnace designed to date for 
a stoker installation. 

Referring to Fig. 6 it will be noticed that the 
entire front wall, with the exception of a small 
portion above the stoker, which is lined with sili- 
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Fig. 6—Side elevation and section of two of new units. 


con-carbide brick, has been water cooled with 3- 
in. dia. tubes spaced on 3% in. centers. This con- 
struction thus forms a bare metal face which ex- 
tends over the entire width of the furnace. . 
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The upper ends of these tubes are expanded into 
the shell of the upper front 54 in. dia. drum. At 
the lower end the tubes are expanded into a five- 
sided header rigidly guided to prevent a forward 
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or backward movement of the header, but allowing 
for a downward expansion of the tubes. Inter- 
mediate horizontal buckstays, to which each tube 
is fastened by means of a tee welded to the tubes 
and a cast-iron tee section bolted to the buckstays, 
guide and keep these tubes in line. Offsets are 
provided in the upper portion of the tubes for pas- 
sage of superheater elements. Offsets are also pro- 
vided to form an opening for the slag cleaning 
door located in this wall. The tubes are supported 
near the lower end by means of special spring 
hangers designed to engage each individual tube. 


Due to the limited space at the stoker coal 
hopper, it was necessary to provide access to the 
lower header through removable doors located in 
the coal hopper. 


The side and rear walls of the furnace proper 
have been completely faced with bare metal con- 
sisting of 4 in. dia. No. 5 gage tubes spaced on 
614g in. centers. Extending to a point approxi- 
mately 18 in. above the fuel line, the side and rear 
furnace waterwalls are covered with cast-iron in- 
tegral blocks fused to the tubes. These blocks also 
cover the water-cooled surface in the upper portion 
of the clinker grinder pit. Cast-iron plates bolted 
to the lower side wall headers form a protection 
for these headers at the clinker grinder pit. Be- 
cause of the irregular shape of the furnace, the 
upper side waterwall headers are divided into 
three sections, the main or center header receiving 
40 tubes, the short front header receiving 4 tubes 
and the short rear header receiving 7 tubes. These 
headers are provided with a system of spring sup- 
ports and guides to allow for expansion and flex- 
ibility. A continuous header is provided at each 
side to accommodate the lower ends of these tubes, 
this header being guided to allow for vertical and 
linear expansion of the waterwalls. 

The upper ends of the rear-wall furnace tubes 
are expanded into the mud drum of the boiler with 
the exception of two tubes at each end which ter- 
minate into stub headers; this construction was 
necessitated by a change in the width of the fur- 
nace at the upper end to accommodate a reduction 
in boiler width. A continuous header is provided 
at the lower end into which all rear wall tubes are 
expanded. This header is guided to allow for ver- 
tical and linear expansion of the waterwall. 

Openings for the large observation doors located 
in the furnace side walls and each end of the rear 
wall were obtained by offset bends at each side of 
the opening. An opening for the large access door, 
(see Fig. 9) located in the center of the rear wall, 
was obtained by providing short intermediate head- 
ers above and below the door into which three of 
the rear wall tubes were expanded. Additional 
observation openings are provided in the furnace 
side walls at the front and in the upper part of the 
rear wall at the center. 

A horizontal, steel tie-band to which each water- 
wall is attached extends around the sides and rear 
of the furnace. This tie-band had to be designed 
to pass around the outside of the building columns 
as it was not permissible to tie it to the columns. 
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Alignment buttons are also used to keep the tubes 
in proper alignment. 

The design contemplated the use of two blowoff 
connections on each of the lower headers and on 
the five-sided header. As actually installed there 
is but one of these connections on each of the 
lower headers. 


Waterwall Circulation 


As illustrated by Figs. 7 and 8, water for the front 
waterwall is supplied from the 54-in. upper front 
boiler drum and distributed on both sides through 
a series of 4-in. dia. circulating tubes connected 
lo the five-sided header. A connection is also 
carried from the boiler mud drum to each end 
of this header. Steam and water is carried back 
to the upper front boiler drum by the wall tubes. 

Water for the side waterwalls is supplied from 
the boiler mud drum and distributed to both sides 
through a series of 4-in. dia. circulating tubes con- 
nected to the lower side wall headers. After pass- 
ing up through the furnace tubes into the upper 
side wall headers, the mixture of steam and water 
is carried up to and discharged into the upper front 
boiler drum by a series of 3-in. dia. riser tubes 
located on the inside face of the boiler side walls. 
These internal riser tubes form a protection for 
the brick side walls of the boiler. The short, rear, 
upper side wall header discharges its contents into 
the boiler mud drum. Water for the rear furnace 
wall is supplied from the boiler mud drum through 
a series of 4-in. tubes connected to the lower 
header, the mixture of steam and water being dis- 
charged back into this drum through the rear-wall 
tubes. Partitions in the side wall headers segre- 
gate the circulation through these waterwalls. 


Brickwork—Insulation and Casing 


The area allotted for the thickness of boiler walls 
was limited by the space requirements for the 
boiler heating surface and the fact that a minimum 
design clearance of two inches had to be main- 
tained between the casing and the existing steel 
work. The heat loss through the settings also had 
to be kept down to a minimum to meet the require- 
ments of the installation, and it was, therefore, 
necessary to make a careful study of wall insula- 
tion. 

Thal portion of the boiler side walls extending 
from the front wall to a point in line with the front 
face of the rear boiler column is 16% in. thick and 
consists of a 9 in. thickness of firebrick held in 
place by horizontal rows of holding tile spaced at 
intervals throughout the height of the wall and 
fastened to horizontal steel stiffeners by means of 
holding bolts. A 4% in. thickness of insulating 
brick followed by two layers of high-temperature 
insulating block, each 11% in. thick, is installed next 
to the firebrick. The rear portion of the side wall 
consists of 9-in. firebrick with holding tile fol- 
lowed by two layers each of 2% in. thick, high- 
temperature insulation block making a total wall 
thickness of 13% in. 

The front portion of the side walls is supported 
on specially designed cast-iron boxes, in which 
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Fig. 8—Circulation diagram showing waterwall risers. 








space is provided for locating the upper side water- 
wall headers. These boxes also house the springs 
for supporting these headers. The castings are in 
turn supported on the building structural steel. 
Waterwall headers and castings are protected from 
the heat of the furnace by a refractory material 
which was poured in place with the aid of wooden 
molds. This refractory ‘“Moldit” material has also 
been used in the furnace where, due to the irregu- 
lar shape, it was necessary to provide a refractory 
material to seal the openings, especially at the 
corners. The rear wall of the boiler consists of 
2-in. tile held to the casing supporting steel by 
means of castings; a 4-in. thickness of rockwool 
compressed to 31% in., located between the tile and 
boiler casing, provides the necessary insulation. 
The flue neck is composed of a steel casing on the 
outside and a steel lining on the inside between 
which two layers of block insulation, 4 in. total 
thickness, are placed. The entire side and rear 
walls of the boiler have been encased with 1% in. 
thick removable steel panels bolted to buckstays 
and horizontal stiffening angles. 


All joints are sealed with asbestos gaskets. Seal- 
ing boxes packed with asbestos are provided at 
all parts where waterwall circulating tubes pass 
through the casing. Specially designed fittings are 
installed to permit the taking of gas samples, draft 
readings, gas temperature measurements and to 
provide connections for the various recording in- 
struments. 


The construction of the furnace walls covered 
by waterwalls consists of 23 in. refractory tile 
placed behind the tubes, followed by a 2% in. 
thickness of high-temperature molded insulation 
and a 3% in. thickness of rockwool panels com- 
pressed to 3 in. The casing consists of 1% in. thick 
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asbestos sheathing held in place by flat bars bolted 
io the furnace structural-steel supports. Water- 
walls are free to expand while the casing remains 
stationary and are so constructed that the tubes 
can be removed without disturbing the casing. 
All bolted joints have been provided with asbestos 
gaskets making them air-tight. All waterwall 
headers are covered with removable steel panels 
for access to the hand holes. The inside of the 
panels are covered with a plastic insulating ma- 
terial. By grouping the tubes used for the water- 
wall circulation, it was possible to anchor and 
support these together in units.. This grouping 
also permitted insulation of these tubes in units 
which has the effect of minimizing their promi- 
nence and causing them to blend in with the sur- 
rounding equipment. The circulating tubes con- 
necting the dry steam drum with the upper rear 
boiler drum and the superheater collecting headers 
are also insulated as a unit. A steel frame was 
constructed around the superheater elements 
where they pass out through the furnace setting. 
This frame also covers the superheater headers, 
and with this arrangement no difficulty was ex- 
perienced in encasing the superheater with insulat- 
ing material. Removable sections made up of re- 
inforced insulating material are installed for in- 
spection of superheater joints. 

The ends of the clinker grinder pit below the side 
waterwall headers are lined with silicon-carbide 
brick. This brick has been carried down to ap- 
proximately the centerline of the clinker grinder 
rolls; below this point and at the front and rear 
walls, the clinker grinder pit is lined with refrac- 
tory brick. Block and plastic insulation is installed 
behind the silicon carbide and refractory brick to 
protect the steel supporting girder from excessive 
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Fig. 9—Construction view showing, in foreground, lower drum 
of No. 81 boiler and rear waterwall of unit directly behind. Note 
separate headers for rear wall access door. 


heat. All supporting steel work at this point is 
protected against corrosion by a heavy coating of 
bitumastic paint. 

Economizers 


Each unit is equipped with a C-E return-bend, 
fin-tube economizer located as shown in Figs. 5 
and 6. Each economizer occupies a space approx- 
imately 23 ft. 6 in. long, 10 ft. 0 in. wide by 15 ft. 
6 in. high. It consists of 928 two-in., outside dia. 
finned tubes, arranged 29 tubes wide and 32 tubes 
high. Each element consists of individual hairpin 
sections connected in series by means of return 
bends which are clamped to the elements. Ball and 
bevel seats are provided on these connections mak- 
ing a metal-to-metal contact and eliminating the 
necessity for installing gaskets. With this type of 
connection a tight joint can be made even though 
the connecting tubes are not in exact alignment. 

Cast-iron panels form the sides of the econo- 
mizer. Elements are supported at the front and 
rear on cast-iron end plates, and asbestos seals are 
provided where the elements pass through the end 
plates. A vestibule with hinged doors is provided 
on one end for access to the return bends. The 
economizers are insulated with ribbed rockwool 
panels held in place by means of vertical bars at- 
tached to the casing. A plastic insulating material 
is applied over the rockwool to form a finished 
surface. No soot blowers have been installed in 
the economizer, if necessary, they will be cleaned 
by washing from above with a hose when the unit 
is out of service. For this reason the flue neck 
has been lined on the inside with copperoid plate 
for protecting the insulation against water. This 
steel lining has been made in sections and so de- 
signed that it is free to expand horizontally and 
vertically to prevent buckling. 

Feedwater enters the top of the economizer 
through an inlet manifold which is connected to 
the distributing header by means of 4 in. nipples. 
The heated feedwater is discharged from a dis- 
tributing header located at the bottom of the econ- 
omizer into an outlet manifold which is flanged 
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for attaching feed lines to the boiler. Hot boiler 
gases enter the bottom of the economizer and pass 
up through the staggered finned tubes and dis- 
charge into the outlet duct. 


Ash Hopper 


The space between the bottom of the stoker 
clinker pit and basement floor is occupied by an 
Allen-Sherman-Hoff sealed ash storage hopper, the 
bottom of which is equipped with three inclined 
feed plates. In the front of each feed plate is 
located a movable jet which directs a stream of 
water over the surface of the feed plate. Each 
feed plate is equipped with a vertical gate, hy- 
draulically operated, which is opened when the 
ash from that particular feed plate.is to. be back- 
washed into the main sluice. The ash is carried 
through the sluices by water from high pressure 
nozzles placed at intervals along the sluices, and 
is deposited in a sump located at one end of the 
wharf from which ‘it is transferred to scows by 
means of a grab bucket. 


Fans and Cinder Catchers 


Air is delivered to the eight stokers by seven 
Sturtevant forced-draft, vane-controlled fans, each 
capable of delivering 200,000 c.f.m. against a static 
pressure of 10 in. and driven by a 500 hp., 870 
r.p.m. constant-speed motor. Four of these fans 
are Jocated in the basement under the boilers of 
the No. 7 bay and three at the north side on the 





Fig. 10—View of furnace interior showing upper front corner of 
stoker and construction of front and side waterwalls. 
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boiler-room floor. Air from these fans is dis- 
charged into a main duct from which it is de- 
livered to each stoker. 


Two Sturtevant induced-draft, vane-controlled 
fans each capable of handling 155,000 c.f.m. 
against a suction pressure of 20 in. and driven by 
a 1000 hp. three-speed motor with a maximum 
speed of 1,160 r.p.m. are installed for each unit. 
These fans are located in an extension structure 
on the roof. Gases from the fans are discharged 
into a breeching connected to a self-supporting 
steel stack which is 23 ft. 3 in. inside dia.; the 
top of the stack is 350 ft. above the 130 ft. boiler 
floor elevation. This stack takes care of the eight 
boilers in the No. 7 and 8 bays. 

The gases leaving the economizer are discharged 
into a cinder catcher located between the econo- 
mizer outlet and the inlet of the induced-draft fans. 
This cinder catcher is a new design developed by 
the Brooklyn Edison Company. It consists of a 
cast-iron hopper filled with circulating water taken 
from the East River and triangular plate elements 
with alternate 14%4 in. and 3% in. gas inlet and 
outlet passages. The narrow inlet passages pro- 
duce a series of high velocity jets which direct the 
cinder against the water surface. The gas velocity 
drops after leaving the water surface due to the 
larger outlet passages, and a further separating ac- 
tion of the cinder from the gas takes place. The 
cinder which settles to the bottom and fills the 
hopper is sluiced out at suitable intervals by high 
pressure jets. The corrosion problem in this cinder 
catcher has been met by the employment of porce- 
lain enamel coated elements. 


Feedwater Distribution 


Six Cameron boiler feed pumps, each delivering 
1750 g.p.m. against 1450 ft. total pressure when 
operating at 1780 r.p.m., distribute the feedwater 
through two 16-in. dia. feed mains located in the 
aisle between the backs of the boilers. One main 
is capable of supplying the eight units. Each unit 
is equipped with two 6-in. differential pressure 
regulating valves and two 6-in. feedwater regula- 
ting valves. 

The feed piping for each unit consists of two 
6-in. lines in which are mounted the two sets of 
regulating valves, this piping being so arranged 
that each boiler unit receives its supply from the 
two feed mains. After passing through the dif- 
ferential pressure and regulating valves, the feed- 
water is discharged through two 6-in. lines into 
the inlet manifold of the economizer. A check 
valve is located in each line at the inlet manifold. 
Shut-off valves are also provided before and after 
the regulating valves. The outlet manifold of the 
economizer is connected to a single 8-in. line which 
branches and distributes the feedwater to two 6-in. 
intakes located on the upper ends of the 54-in. rear 
boiler drum. A 6-in. drum-head, stop check valve 
is provided at each inlet to the drum. On seven 
of the boilers the Swartwout feedwater regulating 
equipment is arranged for the usual method of 
feeding, while on one boiler this equipment is 
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Fig. 11—Section of control panel showing controls for boiler 71. 

This panel is located in front of the stoker secondary ram 

mechanism on the operating floor and extends across the width 
of each unit. 


specially arranged so as to raise the drum water 
level as the steaming rate increases, thus reversing 
the usual characteristic; i.e., maintaining lower 
level at light loads, with slightly higher level at 
higher ratings. 


Feedwater Treatment 


The Brooklyn Edison Company’s system of feed- 
water treatment is used for these units. The ex- 
cellent character for feedwater purposes of New 
York City water supply, combined with a low 
requirement for make-up, calls for only simple 
equipment. 

Steam Piping 

Steam is discharged from each end of the super- 
heater header through two 12-in. dia. steam lines. 
These lines extend horizontally toward the rear of 
the boiler and make a vertical right-angle turn for 
a distance of approximately 41 ft.; here they again 
turn horizontally towards the front of the boiler 
and make another horizontal right-angle turn to 
meet at the center of the unit where they connect 
into a main 24-in. steam line which extends .the 
length of the boiler room. Two main 24-in. lines 
are provided to serve the eight boiler units; they 
are located on east and west sides of the boiler 
house bays in which the eight boilers are located. 
A 20-in. tie line connecting the two main 24-in. 
lines is installed at approximately the center of the 
building. On the south side adjacent to the tur- 
bine room there is an additional 20-in. tie line 
which connects the two new 24-in. main steam 
lines to each other and to the station’s existing 
high pressure lines. Necessary motor-operated 
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cutoff valves are provided for segregating the units 
and sections of the main steam lines. 


_ Regulation 


The existing Smoot master combustion control 
board was extended to accommodate the Nos. 7 
and 8 rows of boilers by the addition of two new 
section masters. These section masters distribute 
io the various regulators. an air-loading pressure 
which varies in accordance with the load on the 
high-pressure station. A manually operated 
master control is also provided to control the regu- 
lation of any or all boilers in the Nos. 7 and 8 
rows. 

Regulation is provided for the 16 three-speed, 
vane-controlled, induced draft fans, the 7 vane- 
controlled, forced-draft fans, the 8 stoker drive 
units and the 8 inlet air dampers. For the in- 
duced-draft fans, one regulator operates a relay 
cylinder which controls the interconnected vanes 
of each pair of fans. This regulator controls the 
air flow through the boiler by balancing the 
loading received from the section master against 
the draft at the boiler outlet. No dampers have 
been provided in the duct connection between the 
boiler and induced-draft fan inlet. All seven 
forced-draft fans are controlled by one regulator 
which balances the air loading received from the 
section master against the duct pressure common 
to the Nos. 7 and 8 rows of boilers. 

Air. inlet damper regulators are provided to 
maintain a fixed draft in the furnace of each 
boiler. One regulator is provided for each boiler 
air inlet damper. These regulators are weight- 
loaded and have no connection with the master. 

The eccentric of the stoker drive unit is actuated 
by a regulator on each stoker to balance the air 
Joading received from the section master against 
a pressure generated by the speed element on the 
regulator driven from the stoker line shaft. The 
stoker speed can be varied higher or lower than 
that dictated by the section master by the manipu- 
lation of a needle valve in the air loading line; 
this valve is located on the stoker panel. Push- 
button control for regulating manually the speed 
of induced-draft fans and stokers, as well as 
forced-draft fan vane position can be substituted 
for automatic regulation at any time by means of 
transfer switches. 


Each boiler control panel extends the full width 
of the boiler and is located on the operating floor 
directly in front of the mechanism for driving the 
secondary rams of the stokers. The boiler operat- 
ing instruments are grouped in the center of this 
panel. The entire floor in front of the panel board 
is illuminated by concealed lights placed under- 
neath the stoker inspection walkway which is 
located immediately above the panel board. 


Erection ‘ 


The erection of these boiler units was described 
in detail in an article published in the February, 
1932, issue of Combustion. This work involved 
many unusual difficulties, and the fact that, de- 
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No. 12—View of furnace interior looking toward front wall. 


spite these difficulties, it was carried through to 
completion on schedule time is indicative of a 
particularly noteworthy achievement in field con- 
struction. At all times the plant dock had to be 
kept free of material and the boiler room base- 
ment kept clear to allow trucks to pass through 
to the dock. Material had to be unloaded, removed 
and erected into place as it was received. This 
necessitated careful scheduling of materials and 
strict adherence to shipping schedules. With the 
exception of the boiler drums and a few of the 
heavier headers, which were pulled in on skids, 
all material had to be handled manually. The 
magnitude of this task is apparent from the fact 
that approximately 5000 tons of material were 
handled, exclusive of brick work and building 
steel. 


In order to expedite the handling and erection 
of material, work crews were organized to special- 
ize in particular jobs. In so far as possible, these 
crews were kept on the same kind of work. For 
instance, one crew would hoist drums, another 
set drums, another install tubes and another roll 
tubes. This plan of organization permitted the 
complete handling of two lighters of material a 
day, and in one instance three lighters were un- 
loaded between 8 A. M. and 4:30 P. M 


Field work was begun on September 12, 1930, 
and on January 23, 1932, was 96 per cent com- 
pleted. The first unit was placed in operation on 
January 30, 1932, and succeeding units were com- 
pleted and started up at short intervals thereafter. 
As previously stated, the last of the 8 units will be 
in operation before this article appears in print. 


General Data 


The following figures are based on space occu- 
pied by new boiler and turbine units and auxili- 
aries, . 
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Area boiler house, sq. ft. .............. 418,000 
Steam generated per sq. ft., lb. per hr. ... 235 
Volume of boiler house, cu. ft. ..........3,000,000 
Steam generated per cu. ft., lb. per hr. .. 1.4 
Station area, including boiler house, tur- 

bine room, switch house, etc., sq. ft... 43,500 
Power concentration, kw. per sq. ft. .... 7.4 
Station volume, including boiler house, 

turbine room, switch house, ete., cu. ft. 5,000,000 
Power concentration, kw. per cu. ft. .... 64 


Equipment Data—Hudson Avenue Extension 


Boilers 


No. and type—8, three drum, bent tube with separate dry 
drum. Heating surface—24,450 sq. ft. Tubes—993 tubes, 
3-in. dia. of No. 8 B.W.G.; arrangement—first bank, 39 
wide by 7 deep; second bank, 48 wide by 8 deep; third 
bank, 48 wide by 7 deep. Drums—front drum, 34 ft. 4% 
in. long by 54 in. I.D. by 2% in. thick; rear drum, 34 
ft. 4% in. long by 54 in. LD. by 2% in. thick; bottom 
drum, 28 ft. 1% in. long by 54 in. I.D. by 2% in. thick; 
dry drum, 26 ft. % in. long by 48 in. I.D. by 2 in. thick. 
Manufacturer—Combustion Engineering Corporation. 


Superheaters 


8 Elesco, single-pass, multiple loop. Heating surface, 
5,740 sq. ft.; located in first bank of boiler; 102 elements 
installed, space for 114. Manufacturer—The Superheater 
Company. 


Furnaces 


C-E bare-tube type covered with cast-on blocks to aver- 
age height of about 5 ft. above stoker. Heating surface 
—3,846 sq. ft. Manufacturer—Combustion Engineering 
Corporation. 


Summary of Heating Surfaces and Volumes and Areas 


Boiler—24,450; furnace, 3,846; total boiler and furnace 
heating surface, 28,296 sq. ft.; Superheater—5,740 sq. ft.; 
Economizer—22,400 sq. ft.; Furnace volume, 14,000 cu. ft. 
Projected grate area, 694 sq. ft. 


Economizers 


8 C-E fin-tube, return bend counterflow economizers each 
comprised of 928 seamless-steel finned tubes 21 ft. long 
by 2 in. O.D. Total heating surface, 22,400 sq. ft. Man- 
ufacturer—Combustion Engineering Corporation. 2 blow- 
down valves per economizer made by Yarnall-Waring 
Company. 


Feedwater Regulators 


16 level regulating valves and 16 constant excess pres- 
sure regulating valves. Size 6 in., 600 lb. standard. Max- 
imum capacity per valve 350,000 lb. per hr. with 20 Ib. 
pressure drop. Manufacturer—The Swartwout Company. 


Stokers 


8 Taylor multiple retort, underfeed, 15 retorts wide by 
69 tuyeres long, 26 ft. % in. wide by 26 ft. 7% in. long; 
projected grate area, 694 sq. ft. Double roll clinker grind- 
ers. Manufacturer—American Engineering Company. 
Stoker drive, Hele-Shaw hydraulic drive, pump unit di- 
rect connected to 40 hp., 720 r.p.m., 440 volt, 3 phase, 60 
cycle, Allis-Chalmers' motor. Clinker grinder drive, 
Hele-Shaw pump unit driven by 5 hp. Allis-Chalmers mo- 
tor. Performance, see table, page 11. 


' Ash Handling Equipment 


Hydrojet type, 60 tons per hr. 


Manufacturer—Allen- 
Sherman-Hoff Company. 


Ducts and Flues 
Welded with external stiffners. Contractor 
well Company. 

Cinder Catchers 
8 units (described in article). Manufacturer—N. H. 
Treadwell Company. 

Coal Gates 


20 gates, 2 electrically-operated gate-opening mechanisms. 
Drive, G. E. 2% hp., 1200 r.p.m., 440 volt, 3 phase, 60 
cycle motor. Manufacturer—Link Belt Company. 





N. H. Tread- 


Coal Lorries 


2 lorries, one 20-ton weigh lorry, motor-operated, one 5- 
ton lorry without weighing mechanism, motor-operated. 
Both with traverse speed of 150 ft. per min. Drive G.E. 
motors, 75 and 20 hp. respectively, 900 r.p.m., 440 volt, 
3 phase, 60 cycles. Manufacturer—Bergen Point Iron 
Works. 
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Coal Cars 


Three 5-ton cars, speed, full load, 230 ft. per min. Drive, 
5 hp., 1200 r.p.m., 220 volt, 60 cycle, dust-tight, single- 
phase, reversible motors. Manufacturer—Whiting Cor- 
poration. 


Combustion Control 


Described in article. Manufacturer—Smooth Engineering 
Company. 


Forced Draft Equipment 


Described in article. Manufacturer—B. F. Sturtevant 
Company. 


Induced Draft Equipment 


Described in article. Manufacturer—B. F. Sturtevant 
Company. 


Turbine Generators 


Two 200,000 kva., 160,000 kw., 80 per cent power factor, 
1800 r.p.m. Type, tandem-compound, single-double flow, 
condensing with 3 phase, 60 cycle, 16,500 volt generator 
and direct connected exciter. Steam conditions 400 Ib. 
gage and 730 deg. fahr. at throttle; exhaust, 2.25 in. Hg. 
Manufacturer—General Electric Company. 


Condenser—No. 7 Turbine 


Horizontal single-pass type. 14,710 tubes, % in. O.D., 30 
ft.,3% in. long. Tube surface 101,000 sq. ft. Manufacturer 
of turbine and 2 circulating pumps—Worthington Pump 
& Machinery Corporation 


Condenser—No. 8 Turbine 


Horizontal single pass type. 14,550 tubes, % in. O.D., 30 
ft. 3% in. long. Tube surface 101,000 sq. ft. Manufacturer 
—Ingersoll-Rand Company. Manufacturer of 2 circulat- 
ing pumps—A. S. Cameron Steam Pump Works. 


Feedwater Heaters 


2 high-pressure heaters of % in. tubes, 4600 sq. ft. 2 
low-pressure heaters, %-in. tubes, 4900 sq. ft. Manufac- 
turer—Alco Products, Inc. 


Boiler Feed Pumps 


Described in article. Manufacturer—A. S. Cameron Steam 
Pump Works. 


Boiler Room Meters and Instruments 

16, 5-pt. draft gages (boiler panels), 1, 7-pt. draft gage 
(control room panel)—Paul B. Huyette Co.; 2 electrically- 
operated flow meters (boiler-feed), 8 sets boiler meters 
(boiler panels)—Bailey Meter Co.; 8 electric temperature 
recorders—Brown Instrument Company; 8 single-tube hy- 
draulic draft gages (windbox pressure), 16 double- 
tube hydraulic draft gages (grates), 8 inclined hydraulic 
gages (air flow), 2 combination inclined-vertical draft 
gages—Ellison Draft Gage Co.; 1 salinity recorder (8- 
point recorder for units 1-8 inclusive)—Leeds & Northrup 
Co. 


Miscellaneous Equipment and Materials 


(Supplied on general boiler contract). Boiler tubes— 
Globe Steel Tube Co.; waterwall tubes—Pittsburgh Steel 
Products Co.; safety valves and steam gages—Crosby Steam 
Gage & Valve Co.; economizer blowoff valves—Yarnall- 
Waring Co.; water gages—Reliance Gauge Column Co.; 
soot blowers—Diamond Power Specialty Corp.; valves for 
soot-blower piping, stop check valves for boiler feed and 
valves for drains, etc.—Edward Valve & Manufacturing 
Co.; valves for water column connections—Crane Co.; 
tube cleaners—Roto Co.; gaskets for water-walls, valves 
and piping (Consolco)—Consolidated Packing & Supply 
Co.; gaskets for soot-blower piping (Kel-Raph)—M. 
W. Kellogg Co.; boiler and furnace settings (general 
contractor)—Ballard, Sprague & Co.; brick for boiler walls 
(Maurer No. 1.)—Henry Maurer & Son; tile for boiler 
walls and baffles—Henry Maurer & Son; brick for ash pit 
(Queens Run)—North American Refractory Co.; brick 
for front walls and ends of clinker pits (silicon carbide) 
—McLeod & Henry; insulating brick for boiler side walls 
(Armstrong) and insulating block for flue neck (Non- 
pareil)—Armstrong Cork & Insulation Co.; insulating 
block for boiler and furnace side walls (Alumino Hi- 
Temp Block) and insulating block for superheater (Hi- 
Temp No. 12)—Philip Carey Co.; insulating cement, 
wherever plastic insulation was used (Stic-Tite)—Re- 
fractory & Engineering Corp.; R. & E. Moldit for sealing 
waterwall corners and lining boiler doors—Refractory & 
Engineering Corp.; rockwool for waterwalls, rear and 
front boiler walls and economizers (Gimco)—General In- 
sulating & Mfg. Co.; asbestos sheathing for furnace water- 
walls and boiler front wall—Philip Carey Co.; magnesia 
insulating block for drums, risers and downtakes (Carey) 
—Philip Carey Co.; insulating contractor—R. A. Keasbey 
Co.; piping, miscellaneous for boiler trimmings—R. H. 
Baker Co. 
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of Electric 


The author discusses broadly the economics 
of water vs. fuel generated power. The fac- 
tors of fixed charges, maintenance, labor and 
consumable supplies are evaluated for each 
method of generation on the basis of a 5000 
kw. plant. Necessarily arbitrary assumptions 
are made with respect to fuel cost in the 
case of the steam plant and with reference to 
first cost and other items in both cases. 
However, the figures are fairly typical and 
permit of interesting comparisons. In the 
second part of this article, to be published 
in the next issue of COMBUSTION, the 
author will discuss the effect of load factor 
and other variables as well as the possibilities 
of combined hydro and steam developments. 


O those whose interest lies in the application of 

the principles of combustion to the production 
of electric power, it often happens that the broad 
study of their problems involves consideration of 
possible alternative methods of attaining the re- 
sults desired. Such an inquiry may be prompted, 
not so much by their own desire or need of the 
information, as by questions raised by others, 
clients or power users, whose interest lies in the 
provision of a supply of power rather than in the 
means adopted to secure it. 

It is undoubtedly a fact that there exists con- 
siderable misapprehension, even in well-informed 
circles, as to the economics of various methods of 
production of power. Such views are usually due 
to basing conclusions on insufficient data; as on a 
few isolated cases which receive considerable pub- 
licity due to their special or abnormal character. 
It frequently happens, for instance, that an impres- 
sion gains ground that much more favorable re- 
sults could be obtained by the adoption of some 
system of power generation other than that in com- 
mon use at that place and time. 

Of the world’s supply of power in the form of 
electricity, the greatly preponderant proportion 
is produced through the agency of steam generated 
by the combustion of coal and, to a more limited 
extent, of alternative fuels, oil and gas. 
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The Economics 


Power Production 


By JOHN T. FARMER 


Montreal, Canada 


Certain sections of the North American conti- 
nent are very favorably situated as regards water 
power, which constitutes the important alternative 
io fuel as a source of electric power. 

The purpose of the following dissertation is to 
review the various factors which determine the 
relative desirability or value of these main sources 
of electric power, fuel and water, in the varying 
circumstances in which they occur. In this study 
the aim is to discover the bearing of these varying 
circumstances on the ultimate result. The most 
convenient way to do this appears to be to assume 
certain definite numerical values such as would 
be expected to be found in actual practice, and 
to develop the results that these premises would 
lead to: rather than to attempt to analyze the mat- 
ter in purely abstract terms which method does 
not present as clear a picture of the problem under 
consideration. It is to be distinctly understood, 
however, that while definite figures are dealt with, 
it is not intended to imply that the deductions ar- 
rived at constitute numerical determinations suit- 
able for general adoption. The intention is rather 
to set up a model method of attacking the problem, 
on the lines of which any similar problem may be 
attacked and worked out to a logical conclusion, 
taking account of the particular circumstances 
surrounding the particular case. 

The whole question of power supply includes 
many phases in addition to that of production, 
such as transmission, distribution, metering and 
rate-making, and the various problems of policy in 
meeting public demands. Of these, the question of 
production is evidently of fundamental importance, 
and this discussion will be confined to that feature. 
That is to say, attention will be concentrated on the 
problem of producing a certain supply of power 
and delivering it in bulk at a given point as and 
when demanded. 

The comparison of fuel and water power as 
sources of power supply is best expressed in terms 
of the monetary cost of delivering the required 
quantity of energy at the point of utilization as and 
when demanded. These overall costs vary greatly 
in different situations, and in order to appreciate 
the relationship, it is necessary to examine all the 
factors which enter into these costs. 

As a preliminary to generating power the neces- 
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sary plant has to be established. This involves an 
investment of funds, and in order to attract such 
investment provision must be made to pay a rea- 
sonable rate of interest. In addition, it is necessary 
to set aside from time to time such amounts as 
will create a fund to repay the principal within 
the period of useful life of the plant. 

The provision of such interest and depreciation 
allowance on a fair and adequate scale consti- 
tutes a prime requirement of a sound business 
proposition. 

Furthermore, provision must be made for inci- 
dental charges, such as insurance and taxation. 

All of the foregoing charges which come into 
being with the establishment of the plant, and 
which are independent of the amount of use to 
which it is put, are classed as fixed charges. 

After being established, no plant can continue to 
operate and give good service without constant 
expenditure in inspection and upkeep of the equip- 
ment. Thus arise the charges generally classed 
under the head of maintenance, which have to be 
met from time to time as the necessity arises. 
Maintenance charges have to cover both material 
and labor. They do not come under the category 
of fixed charges, as they are influenced to some ex- 
tent by the output demanded; though for purposes 
of preliminary estimate of production cost it is 
often convenient and justifiable to regard the cost 
of maintenance as a function of the capital invest- 
ment. 

As distinct from the labor necessary to keep the 
plant in condition, there is the expense of the per- 
sonnel necessary for carrying on the supervisory 
and manual labor involved in the control and op- 
eration of the plant. This charge is primarily a 
function of the size and capacity of the plant: but 
it is also influenced by the output. For example a 
plant which is only operated for a portion of each 
day, or which is shut down at certain seasons of 
the year, can dispense with some of the labor 
which would be required to operate it continu- 
ously. The expense for salaries, wages and con- 
lingent outlay on operating staff is classed as labor 
charges. 

The fourth main item of expense covers the mat- 
ter of consumable supplies. In the case of a fuel- 
fired plant, the item of fuel is generally a 
preponderant one; but in addition such items as 
lubricants, water, chemicals and miscellaneous 
supplies must be taken account of. Such consum- 
able supplies are used up and have to be replen- 
ished approximately in direct proportion to the 
amount of energy turned out by the plant. Thus 
the charge for consumable supplies is a function of 
the output of energy. 

The cost of producing power, therefore, is ar- 
rived at by the summation of the following 
charges: 

(a) Fixed Capital Charges; 

(b) Maintenance; 

(c) Operation Labor; 
(d) Consumable Supplies. 
This is a perfectly general statement and ap- 
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plies to any class of power plant, hydro or cuval- 
fired or other fuel-using machinery. 

The next step is to examine the incidence of 
these various charges in the case of both hydro- 
electric and fuel-fired generating plants: and 
thereby to arrive at a just estimate of their relative 
advantages in any particular situation as well as 
their limitations. This resolves itself into an 
analysis of the monetary cost for which a certain 
output of electrical energy can be made available. 

The factors entering into this cost are so numer- 
ous and diversified that any genera] formula, pur- 
porting to express the result in abstract terms for 
any combination of circumstances, would neces- 
sarily be of such complicated form that it would 
not present a readily intelligible picture of the re- 
lation between the underlying factors and the re- 
sult. 

A better method of attack appears to be to 
formulate concrete examples of steam and water 
power plants, embodying such premises and nu- 
merical figures as can be substantiated by obser- 
vation and experience of existing installations, and 
from these typical set-ups to work out what will 
be the resulting cost in each case of obtaining the 
power supply in view. 

The particular example selected is a typical de- 
velopment having a maximum capacity of 5000 kw. 
This capacity is chosen as being more nearly rep- 
resentative of the general run of power installa- 
tions than either a very small plant or, on the other 
hand, a very Jarge installation of the “super- 
power” class; neither of which could be consid- 
ered as broadly typical. 

This leads to definite comparable cost of power 
for the particular conditions assumed. Having es- 
tablished a tangible result for a particular set of 
conditions, it is an easy matter to analyze the ef- 
fect which any variation in these conditions will 
have on the final result. 

In any power plant operation there is one fac- 
tor which has a most important bearing on the 
cost of the power generated, and that is what is 
known as the “load factor” of the system served. 
The load factor is defined as the ratio of the aver- 
age load during any given period to the load at the 
time of maximum demand. Thus the maximum 
load multiplied by the yearly load factor and mul- 
tiplied by 8760 hours gives the total output of en- 
ergy in a year. If in place of the maximum load, 
the maximum capacity of the plant is taken, the 
ratio is generally known as the “capacity factor” 
of the plant output. In case the plant were de- 
signed for just sufficient capacity to take care of 
the maximum demand upon it, these two ratios 
would become synonymous. 

Either of these ratios forms a convenient method 
of expressing the ratio between the capacity of the 
plant and the total output of energy demanded of 
it over a year’s operation. The period of a year 
is selected as this is the base period of any finan- 
cial operation. 

Similar load and capacity factors can be ex- 
pressed for shorter periods, such as a month or a 
day. 
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In practice no plant is ever operated at its full 
capacity al] the time. In cases where the plant 
serves an industrial operation working continu- 
ously, 24 hr. per day, the annual load factor may 
be in excess of 80 per cent. On the other hand if 
the load is mainly of a domestic character con- 
sisting largely of a lighting load during the even- 
ing hours, the load factor may ‘not exceed 15 to 
20 per cent. More usually the load is a mixed 
industrial and domestic load, which will develop 
a yearly load factor of 35 to 50 per cent. 

Let us assume, therefore, that the object in view 
is to meet a demand which it is estimated may 
reach a maximum of 5000 kw. with an average 
value over a year of half this amount or 2500 kw., 
a ratio to be expected in a mixed industrial and 
domestic load. The load factor is then 50 per 
cent and the total yearly consumption will amount 
to 50 X 5000 X 8760 = 21,900,000 kw-hr. The 
question to be investigated is whether it is more 
advantageous to generate this power from coal or 
by means of water power. 


Suppose that coal of good quality is available at 
a reasonable cost—say $5 per net ton delivered 
in the locality. Suppose further that there is a 
possibility of utilizing a water power situated 
within a reasonable distance and estimated as be- 
ing capable of furnishing 10,000 hp. at minimum 
flow for which a rental of 50 cents per hp. per an- 
num must be paid, or $5,000 in all. From this 
water power up to 6800 kw. could be obtained, if 
desired, at any or all times. 


(a) Fixed Capital Charges 


The first cost of a hydro-electric development to 
provide a given capacity in power output will in 
general be somewhat higher than that of a steam 
plant of equal capacity. This very general state- 
ment is subject to considerable modification in 
particular cases. 


In the case of a hydro-electric plant, the major 
part of the cost is that of the civil engineering 
works involved in the development of the site such 
as clearing and excavation, construction of earth 
and concrete dams and retaining walls. As com- 
pared with these the installation of the power 
house itself with the necessary generating equip- 
ment becomes rather a minor consideration, often 
constituting not more than 20 to 30 per cent of 
the whole. For the contemplated installation of 
5000 kw. capacity a reasonable typical cost would 
be $150 per kw. of installed capacity or $750,000 
total. As provision must be made for transmit- 
ting the power from the water power site to the 
center of utilization, we will add a further sum of 
$200,000 to cover the probable cost of 40 or 50 
miles of transmission line with the necessary 
step-up and step-down transformers and protec- 
tive devices. In this connection it must not be 
overlooked that this will involve a loss of energy 
in transmission amounting probably to 8 per cent 
and a further loss in transformers bringing the 
total loss to about 18% per cent. As the ob- 
ject in view is to make available the full 5000 kw. 


24 








at the center of utilization, it will be necessary to 
feed into the line at the power plant 5780 kw. To 
provide for this capacity will not increase the 
cost of the permanent hydraulic works, but, it will 
be necessary to increase the machine capacity by 
780 kw. which will involve an additional expendi- 
ture of $40 per kw. or $31,200. This will bring the 
plant investment up to $781,200 and the total in- 
vestment including transmission to $981,200. 

Turning now to the steam power station, the 
cost of the site and its preparation is not usually 
an important element of the initial installation 
cost. With the generating and distribution volt- 
ages in use today, new generating plants can usu- 
ally be placed in suburban areas where land has 
not an oppressive value, and installation costs 
are not enhanced by the necessity of designing to 
meet narrow margins of space. 

The building and equipment costs thus form the 
main proportion of the total cost and these vary 
roughly in proportion to the capacity of plant pro- 
vided. The unit cost shows a tendency to decrease 
as the capacity increases. Beyond this the unit 
cost is subject to variation with the amount of 
auxiliary apparatus included with a view to cut- 
ting down the current operating expense in the 
matter of fuel consumption and, to a less extent, 
in the personnel employed. 

A fair estimate of cost of a typical steam de- 
velopment of the capacity under consideration 
would be $100 per kw. or $500,000 in all. In the 
case of the steam plant the location can ordinarily 
be chosen so as to avoid the necessity of high ten- 
sion transmission to the center of utilization, and 
the consequent loss of energy, so that the above 
amount is comparable to the larger amount of 
£981,200 set up to cover the hydro development. 

In each case it will be noted that the capital in- 
vestment required is entirely a function of the 
maximum demand to be met, and is independent 
of the amount of use made of that capacity, or in 
other words of the capacity factor of the plant op- 
eration. An exception to this is the case of a hydro 
development in which additional expenditure is 
undertaken in order to provide storage of water; 
not to increase the maximum capacity of the plant, 
but to make possible a greater output of energy 
during the year. 

Interest on the capital investment is rather a 
matter of the attractiveness and stability of the 
demand for power, than the means adopted to meet 
it; so that whether it is a question of investment 
in a steam or hydro development need not affect 
the interest rate. It must be recognized that any 
power demand must be of a somewhat speculative 
nature, and estimates may not be realized, or their 
fulfilment may be delayed. In view of these risks, 
the investor is justified in demanding a somewhat 
higher return than would be expected from a guar- 
anteed bond. 

For the purpose of these estimates of overall cost 
an allowance of 7 per cent will be set aside on the 
capital investment to cover the item of interest 
alone. 

The proper allowance for depreciation is rather 
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more difficult to determine fairly. It is probably 
the item about which the greatest difference of 
opinion is found to exist for the reason that it is 
and must be largely a matter of opinion. The 
proper allowance must be based primarily on past 
experience with similar equipment and plant. 
This is complicated by the fact that modifications 
and improvements are constantly coming into use 
io meet changing conditions and in the case of 
the newest developments experience has not been 
sufficiently extended to establish their real eco- 
nomic value. Again there is the factor of obso- 
lescence or the artificial loss of value of equip- 
ment due to the development of improved types 
which render the older designs of more or less 
diminished value. 


In a steam generating plant the main items of 
equipment, the boilers and turbo-generators can be 
judged by the known performance of their proto- 
types, many examples of which can be found hav- 
ing to their credit twenty to thirty years of useful 
service. However, the tendency today is towards 
more severe conditions of operation in the way of 
higher temperatures and pressures, increased 
speeds and ratings: all of which conduce to rapid 
physical deterioration. Furthermore the marked 
advance in the design and construction of this 
class of equipment, which is still proceeding, has 
resulted in a great deal of this class of machinery 
being relegated to the status of reserve plant, or 
even completely abandoned long before it reached 
the condition of being physically worn out. These 
considerations point to the inadvisability of reck- 
oning on too long a period of useful life for steam 
plant equipment. In the case of established pub- 
lic-utility installations it is pretty generally agreed 
that an estimate of fifteen years of use before 
abandonment is about as much as can be justified. 


Assuming that funds set aside in regular yearly 
installments are re-invested at 4 per cent, it is neces- 
sary to set aside 4.994 per cent or say 5 per cent of 
the original investment to build up the original 
sum at the end of fifteen years. 


It appears reasonable to apply a similar de- 
preciation allowance to subsidiary equipment, 
housing, etc., because while this rate may not ap- 
pear warranted in each individual case, when it 
becomes necessary to replace the major equipment, 
the subsidiary equipment and probably some of 
the building structure must almost inevitably be 
renewed at the same time; with practically very 
little recovery value of the displaced material. 


In a hydro development the factors affecting de- 
preciation are somewhat different. The major 
portion of the works, consisting of such permanent 
construction as canals, earthworks and concrete, 
are of such a nature that once completed they will 
remain unaltered almost indefinitely, and the rate 
of deterioration is almost negligible. 


Then the machinery, which usually constitutes a 
small part of the whole investment, is of a rugged 
comparatively slow-moving type in which the 
wear and tear is low. Again, as regards obsoles- 
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cence, the hydraulic turbine and the electric gen- 
erator have reached a stage so nearly approaching 
ideal efficiency that it is difficult to see how any 
future improvements could warrant their displace- 
ment. 


It may be remarked that instances can be cited 
where earlier hydro developments in their en- 
tirety have been abandoned to clear the way for 
new developments on a more comprehensive and 
effective plan. In the study of an undertaking of 
ihis nature, this is a possibility that must be care- 
fully investigated; and if existent should not be 
disregarded. 

Such attempts as have been made to set a defi- 
nite figure for the expected period of usefulness 
of the constituent parts of a hydro-electric develop- 
ment has given rise to figures of an arbitrary na- 
ture. There does not appear to be any great ob- 
ject in attempting to differentiate between the dif- 
ferent constituent parts of the system, as the re- 
newal of any important element must almost in- 
evitably necessitate the abandonment or reconstruc- 
tion of other elements, even, if their physical con- 
dition does not, in itself call for such action. 


Numerous attempts have been made to formu- 
late a schedule of depreciation allowance for the 
various elements entering into generating plant, 
substations and transmission line. As regards the 
hydro generating plant proper some of the ele- 
ments can be assessed fairly accurately; but this 
is not very helpful, as so many others must be a 
matter of conjecture, and the overall result is con- 
sequently largely founded on conjecture. 

It is, however, evident that the main portion of 
a hydro-generating development is subject to ex- 
tremely low depreciation if constructed with rea- 
sonable foresight to provide against the possible 
major hazards of the situation. Taking the figures 
adopted by one large undertaking it appears that 
an annual allowance of less than 1% of one per 
cent would amply cover the expected depreciation 
of a development taken as a whole. This refers to 
large scale developments of very substantial and 
permanent construction. For small and medium 
sized developments, under which head the typical 
development under consideration would fall, an al- 
lowance of between 0.5 per cent and 1 per cent 
would generally be considered desirable. In order 
to avoid the risk of underestimating these charges, 
the figure of 1 per cent will be adopted for the 
hydro generating plant: and a figure of 3 per cent 
for the transmission line and accessories, on the 
assumption that a wood pole line would be most 
suitable for the exigencies of the service in view. 

Besides these charges, it is necessary to provide 
for such incidental expenses as insurance, taxes 
and sundry minor outlays, all of which become 
unavoidable annual charges and therefore prop- 
erly fall under the general head of fixed capital 
charges. An allowance of 2 per cent may be con- 
sidered a reasonable inclusive charge for the steam 
plant: and 1 per cent for the hydro system. 


The rates of fixed capital charges to be applied 
to the estimated installation costs, as previously 
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discussed, may therefore be summarized as fol- 
lows: 


Steam Hydro 
IE vitankdcasvaasss 7 per cent 7 per cent 
Depreciation, generating 
PG: acveuetencewhs 5 per cent 1 per cent 
eee - 3 per cent 
Insurance, taxes, etc. ... 2 per cent 4 per cent 


(b) Maintenance 


The maintenance charge in a _ hydro-electric 
plant is mainly centered on the moving machinery 
which, as has already been pointed out, forms a 
small proportion of the complete installation. 
Moreover, the machinery employed is of a rugged 


ANNUAL PROOUCTION CosTS. 
AVERAGE COST PER KILOWATT HOUR. 





ANNUAL LOAD FACTOR 


- PER CENT. 


Fig. 1—Total production costs for 5000 kw. hydro plant and 
for 5000 kw. steam plant. 


character, of comparatively slow speed, and gen- 
erally not of such a nature as to require frequent 
renewals and repairs. On the other hand, when 
repairs do become necessary, they are apt to be of 
a rather extensive nature; again, there are apt to 
be items of an unusual nature, such as main- 
tenance of roads to permit of access to the plant; 
so that it is important that ample provision should 
be made for this contingency. 

In a steam plant most of the machinery and ap- 
paratus operates under conditions of high temp- 
erature and pressure and constant inspection and 
repair of detail parts is necessary to keep the plant 
in good operating condition. In the absence of 
more specific estimates, it is found reasonably ade- 
quate to set aside an allowance of 214 per cent of 
the total initial cost to cover this maintenance. In 
the case of the hydro-electric plant the same allow- 
ance on the machinery portion of the development 
would be equivalent to less than 4 per cent on the 
whole investment and this appears to be an ample 
provision for this item of annual cost. 


(c) Operation Labor 


In a steam plant of small capacity, say from 200 
to 1,000 kw., the minimum staff necessary to main- 
tain operation may be listed as follows for three 
eight-hour shifts: 


26 








3 engine room attendants (one of whom may 
be the plant superintendent). 

3 firemen in boiler room. 

4 (or more) extra men for handling coal and 
ashes, cleaning up and sundry duties. 


Thus a staff of about eight men represents the 
irreducible minimum, and this does not provide 
any relief to permit of time off for the regular 
men. It is usual to provide for this, as by appoint- 
ing a plant superintendent who does not ordinar- 
ily take shift duty; by including an extra fireman 
to relieve one of the others as occasion requires; or 
by selecting general utility men who can assume 
specific duties when required. There are often 
special circumstances in a particular plant due to 
location or other causes, which make additional 
labor indispensable, so that it is a fair estimate that 
the necessary staff in the smallest plant will consist 
of ten or twelve men. 

As the size of the plant increases, the physical 
labor involved increases also, so that the staff must 
be augmented, though not in proportion to the in- 
crease of capacity or load. In larger plants this is 
again affected by the fact that mechanical aids can 
be justified to cut down the manual labor neces- 
sary. 

It is evident that the question of operating labor 
has to be investigated for each individual case. No 
general ratio can be laid down based on either the 
capacity provided in the plant or the load carried. 

In a hydro-electric plant the situation is differ- 
ent mainly owing to the absence of consumable 
supplies to be handled manually. It is quite usual 
to find quite large plants being handled by one 
switchboard operator and a floorman or general 
utility man on each shift. Going still further, 
there are to be found instances of plants where the 
operation is handled by remote control from other 
stations, the plant itself only being visited periodi- 
cally, mainly for purposes of inspection. 

Speaking generally, therefore, the operation of a 
hydro-electric plant can be carried on with a frac- 
tion of the labor required for a steam station of 
corresponding capacity, and this applies irrespec- 
tive of the total output of power required from 
either. 

For the 5000 kw. plants under consideration the 
operating staff necessary is estimated as follows: 


Steam Hydro 


eer rer eee rere 1 { 
PI arn xcesvnsis conaesdnes 4. 4 
PN shes tasvastieneccdviwre ss 3 _ 
SET Se he naan my ee 4 _ 
ete TT ee ETL TaT eee eee 3 5 


(d) Consumable Supplies 


It has been shown that the foregoing charges as- 
sume different degrees of importance for steam and 
hydro systems. The most obvious difference oc- 
curs in the item of consumable supplies. 

In the case of the steam plant, this charge in- 
cludes the cost of fuel burned. Under normal con- 
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ditions of load factor and cost of fuel, this item 
constitutes the largest single item of disburse- 
ment. Minor items of supplies, such as lubricants, 
water supply for boiler feed and cooling purposes, 
chemicals for water treatment and testing, sup- 
plies for instruments and plant records and so 
forth vary with every individual installation, but 
as a general average may safely be estimated as 
of the order of 10 per cent of the fuel cost. 

The cost of fuel being the preponderant factor, 
the location of the plant in relation to the source 
of fuel supply has a most important bearing on 
the ultimate cost of generating power by steam. 

In a hydro generating plant the situation is en- 
tirely different. There is no corresponding ex- 
pense for the working substance used. It is true 
there may be a charge in the shape of a nominal 
water rental, but this would normally be properly 
treated as taxation under the head of a fixed 
charge. The charge for consumable supplies con- 
sequently reduces to a relatively small item to 
cover such supplies as lubricants. 

It will be observed that the charge for consum- 
able supplies is almost directly proportional to the 
output of energy. In the typical case under dis- 
cussion, the consumption of coal may be expected 
to average about 1.25 lb. per kw-hr. generated. 
Under the load conditions to be met the annual 
energy output of 21,900,000 kw-hr. will entail the 
combustion of some 27,400,000 Ib. of coal, or 43,- 
700 tons costing, at $5 per ton, $68,500. This is 
increased by 10 per cent or $6,850 to cover sundry 
consumable supplies required. 

In the case of the alternative hydro plant the 
expense for consumable supplies is arbitrarily set 
at $5000, probably a very liberal allowance. 

Using the foregoing figures as a basis, it is pos- 
sible to estimate the true total cost of the power ob- 
tained from either plant. This estimate is set 
forth in detail in the table below. 

There are two ways in which the cost of elec- 
tric power is commonly stated: 

(1) Cost per horsepower made available irre- 
spective of the use made of the power during a 
year; 


(2) Cost per kilowatt-hour actually produced. 

In figuring the cost per horsepower, the horse- 
power is taken as the equivalent of .746 kw. Thus 
the assumed maximum capacity of 5,000 kw. is 
equal to 6,700 hp. Dividing this into the total 
power production costs already arrived at, the rela- 
tive cost per horsepower for steam and water-gen- 
erated electrical power are as follows: 
Steam: Cost per horsepower year ......... $27.75 
Hydro: Cost per horsepower year ........ 49.77 


In each case the total amount of power delivered 
at the center of utilization being 21,900,000 kw-hr. 
per yr., the costs per kilowatt hour are as follows: 


Steam: cost per kw-hr. .............. 0.849 cents 
Hydro: cost per kw-hr. .............. 0.605 cents 


The above are all net wholesale production costs, 
and include no allowance for cost of distribution 
to users, or commercial profit. 

Both of these sets of figures apply only to the 


particular conditions attending the utilization of, 


power in this typical case,.as previously outlined. 
Any variation from these conditions will result in 
a modification of the figures, and in the relation 
between those for steam and water generation. 

The typical example selected affords a very con- 
venient basis for illustrating and discussing the 
effect of different sets of conditions. 


Effect of Load Factor 


The first variation to be examined is that of a 
change of load factor: or in other words a varia- 
tion of total energy output with a fixed capacity of 

lant. 
. Examination of the items making up the total 
production cost for the respective plants reveals the 
fact that some of the items are entirely dependent 
on the original set-up of the plant and independ- 
ent of the amount of use to which it is put. Such 
are the fixed capital charges. (a) 

Other items are a function of the amount of out- 
put. The charges for consumable supplies fall in 
this category. 

The other charges (b) and (c) cannot be classi- 
fied so definitely. 


ANNUAL COSTS 





STEAM PLANT 


Hypro-E.ectric PLANT AND TRANSMISSION LINE 





(a) Fixed Charges: 
Interest—7% of $500,000 ................. $35,000 
Depreciation—5% of $500,000 ............ 25,000 


Insurance, Taxes, etc.—2% of $500,000 .... 10,000 
Water Rental 


ed 














, $70,000 
(b) Maintenance: 
Pe SE I oi vss ntccndeedubcacwenl $12,500 
12,500 
Oe RN Te iaigivg vnc kc cancccncconsecacen erie 
Consumable Supplies 
EMD ess % enn desde eecucedne $68,500 
NN ic edirg nik catlinudin cad wgmtns wena’ 6,850 
$75,350 
$185,990 














Pi aivcd av diecisdcceeccsend $68,684 
FE Meares decicese scecswassans 7,812 
DO ee 6,000 
BIG CE ei sn soic Secs wideccsdcens 9,812 
pbkcks id edb ee eatteee dan Be ebaes 5,000 
$97,308 
DE cibtcccndivaccevgieisceds 7,812 
See I 6 6 coc caseendecsddiuess 5,000 
$12,812 
Fy Oa aN a 8 _....$17,800 
SES oc cnevssacicesddisendins $5,000 
$5,000 
$132,920 
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A small amount of maintenance cannot be 
avoided in an idle plant, such as painting and re- 
pairing damages due to weather. 

Again it is impracticable to reduce materially 
the operating staff in periods of idleness or very 
light loads. 

These charges (b), (c) and (d) are of the gen- 
eral form A + BL where A & B are constants and 
L is the load factor. A, represents the irreducible 
value of the charge when the load factor becomes 
zero. B, represents the increment of this value for 
unity load factor, or 100 per cent. It is not strictly 
correct to say that the increment varies directly as 
the load factor, as these charges increase by steps 
rather than gradually with increasing output. 
However, any error arising from this assumption 
is negligible. 

Then the values of the factors A, representing 
the irreducible values of the respective charges 
may be stated as under: 


For Steam Plant For Hydro Plant 








1.00 of (a) .....$70,000 1.00 of (a) .....$97,308 
0.40 of (b) ...... 1,250 0.10 of (b) ...... 1,284 
0.65 of (c) ...... 18,291 0.85 of (c) ...... 15,130 
0.05 of (d) ...... 3.767 0.20 of (d) ...... 1,000 
$93,308 $114,719 


From the values already established for the 50 
per cent load factor condition the factor B can be 
derived from the equation: 

(b) =A+05B 

or B=2 (b) —2A 
and similarly for the charges (c) and (d). Then 
the values of B applicable to the various charges 
are as follows: 


For Steam Plant For Hydro Plant 








ere eee DM stews icine 0 
Te tutevneteune err 22058 
RD. sesneeepesie ER er eee 5340 
 cxscencuna ere pee 8000 

185263 35398 


The summation of these expressions A + BL 
gives the total cost of power production for any 
load factor L. The variation of total cost with load 
factor is best shown graphically. 

The diagram Fig. 1 shows the total costs of pro- 
duction of the typical 5000 kw. development, both 
for steam and hydro-electric plant, for load fac- 
tors ranging from zero to 100 per cent. 

Curves are also inserted showing the correspond- 
ing average costs per kw-hr. 

From an inspection of this diagram it becomes 
evident that in the case of the hydro plant, the pre- 
ponderant influence in determining the cost of 
power is the initial cost of the installation: that 
this determines an annual charge which cannot be 
avoided or reduced in any way; and that the to- 
tal production cost is only affected in a secondary 
degree by the total amount of energy produced. 

In the case of the steam plant a similar annual 
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charge has to be met, but of continually less mag- 
nitude. Over and above this, however, the incre- 
ment charge, consisting mainly of the expense for 
fuel, assumes relatively important dimensions. 

The result is that for low load factors the steam 
plant shows the lower total cost of production. 
Owing to the higher energy charge, however, its 
total cost overtakes that of the hydro system at a 
point corresponding in this case to a 15 per cent 
load factor, and for higher load factors than this 
the hydro system makes an increasingly better 
showing. 





Committee on Water Analysis Formed by A.S.T.M. 


A new standing committee of the American So- 
ciety for Testing Materials has been formed to 
give consideration to the development of standard 
methods of water analysis. The Society has been 
interested for some years in the Joint Committee 
on Boiler Feed Water Studies, but the methods to 
which the newly formed committee—to be desig- 
nated Committee D-19 on Water Analysis—will 
give consideration will involve eventually not only 
boiler feed water, but all types of industrial waters. 
Some of the classes of water, which will be studied 
are: water for solvent processes including wash, 
leaching and laundry waters; cooling and hydro- 
metallurgical waters; evaporating process waters, 
ete. 

The groundwork for the committee’s activities 
has been laid by Mr. Max Hecht, Chief Chemist, Du- 
quesne Light Co., Pittsburgh, who is serving as 
temporary chairman. The scope of Committee D- 
19 has been stated as follows: 

“The purpose of the committee is the study and 
preparation of methods of analysis of water; water 
being considered as an engineering material. In 
addition to the standardization of methods, the 
purpose includes terminology and the interpreta- 
tion of results of tests.” 





The National Electric Light Association announces 
the resignation of George F. Oxley, who has been 
director of information and service for the past 
twelve years, at the New York headquarters. Mr. 
Oxley was secretary of the Colorado State Public 
Utilities Commission prior to his connection with 
the N.E.L.A. Miss Lucy Bioni has been appointed 
acting director of information and service. 





Worthington Pump and Machinery Corporation 
announces the appointment of Frank R. Wheeler 
special sales representative with headquarters at 
the Chicago office. He will cover the mid-west ter- 
ritory, assisting the Worthington organization in 
Chicago, St. Paul, Kansas City, St. Louis and De- 
troit. Mr. Wheeler is well known in the steam 
power field. 
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The Design of 


Steam Generating Plants 


PART Ill 


The Weights and Volumes of 
Fuel, Air and Products of Combustion 


By F. H. ROSENCRANTS, Consulting Engineer 


Combustion Engineering Corporation, New York 


N early and essential step in designing a steam 
generating unit is the estimating of weight 
and volume of fuel, air and products of combus- 
lion. This step is also necessary when contem- 
plating a switch from the current fuel of an exist- 
ing plant to another fuel of different characteris- 
ties, for example, as from coal to oil, coal to na- 
tural gas, or blast furnace gas to coal. Under pres- 
ent economic conditions in the coal, oil and natural 
gas industries, the desirability of being able to util- 
ize at least two, and in some cases all three of these 
fuels, has become important in many instances, 
with respect to both projected and existing plants. 
Forced and induced draft equipment contem- 
plated for one fuel only presents no serious design 
problem, and the problem is not particularly in- 
volved where a combination of fuels is under con- 
sideration, if the requirements are foreseen in the 
original installation. This equipment, however, 
more often than not, sets the limit of capacity to 
which a unit may be forced and a thorough study 
of draft requirements, as applying to the different 
fuels being considered, is essential. 

Precise calculations are ordinarily predicated 
upon the ultimate analyses and heat values of the 
fuels being considered. Such information is not al- 
ways at hand but fortunately it is possible to make 
estimates of weight and volume of air and products 
of combustion sufficiently accurate for all practical 
purposes of design without it. Tables 1 and 2 give 
fairly accurate comparisons of the relative capacity 
of a boiler unit, when utilizing the fuels indicated, 
predicated upon a fixed maximum capacity of 
forced and induced draft equipment for air and 
products of combustion respectively. The deriva- 
tion of these tables will be the subject of subse- 
quent discussion. 

The combustible constituents of all fuels avail- 
able for use in steam generation are carbon, hy- 
drogen and sulphur, and in all cases carbon is the 
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The author discusses the factors in- 
volved in the calculation of the weights 
and volumes of fuel, air and products 
of combustion. The accompanying 
tables and the chart, Fig. 2, will permit 
making such calculations in connection 
with all the principal fuels quickly and 
with sufficient accuracy for preliminary 
design purposes. Emphasis is placed on 
the importance of providing forced and 
induced draft fan capacity that will 
provide adequately not only for normal 
maximum but also for emergency re- 
quirements. As the author points out 
fan capacity positively limits the steam 
producing capacity of the installation 
and therefore full allowance should be 
made for the various factors which 
affect fan performance. These factors 
are discussed and reasonable allowances 
above theoretical requirements are 
indicated. 


predominating element on a weight basis. Hydro- 
gen is next and sulphur third. The following table 
is of interest as applying to these three elements: 


Volume of 

Lb. products of 

Lb. air products of combustion 

High heat Lb. per million combustion at 500° F. 

value per per miilion B.t.u. with permillion per million 

pound B.t.u. zero excess B.t.u. B.t.u. 

Carbon 14,520 68.8 792 861 19,100 
Hydrogen 62,160 16.1 555 571 16,300 
Sulphur 3,940 254 1,094 1,348 26,400 


Sulphur in extreme cases is not more than about 
six per cent of the combustible by weight, and nor- 
mally is much less. Its heat value is approxi- 
mately one-fourth that of carbon. It will be ap- 
parent, therefore, that its influence in varying the 
total amount of air required for combustion and in 
the resultant products therefrom is of small mag- 
nitude. 

It will be observed also that for producing a 
given amount of heat, carbon requires 42.5 per cent 
more air and results in a weight of products of 
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combustion 51 per cent greater than does hydrogen. 
The volume of the products of combustion is only 
17.2 per cent greater for carbon than is the case 
for hydrogen. The small differential in volume 
as compared with the differential on a weight basis 
is due, of course, to the large volume of water 
vapor formed by the combustion of hydrogen com- 
pared with the volume of the CO. formed by the 
combustion of carbon. 


TABLE 1—RELATIVE CAPACITY OF BOILER UNIT AS 
LIMITED BY A FIXED AIR INPUT TO FURNACE 


Blast Anthra-  Bi- Coke 

furnace cite tuminous Fuel Natural oven 

gas coal coal oil gas gas 
Blast furnace gas...... 1 -76 .84 91 .88 or 
Anthracite a. ceenneey 1.32 1 1.11 1.20 1.17 1.28 
Bituminous coal........ 1.19 .90 1 1.08 1.05 1.15 
PE. Kcchehvaeace ee 1.10 83 -93 1 .97 1.07 
PEOTRL MOB, ass d090-4 00 4.13 85 95 1.02 1 1.10 
Coke oven gas......... 1.03 .78 .87 .93 91 1 


TABLE 2—RELATIVE CAPACITY OF BOILER UNIT AS 
LIMITED BY A FIXED INDUCED DRAFT FAN 
CAPACITY 

Blast Anthra- _ Bi- Coke 


furnace cite tuminous Fuel Natural oven 
gas coal coal oil gas gas 


Blast furnace gas...... i 1.40 1.52 1.65 1.54 1.61 
Anthracite coal......... 71 1 1.09 1.18 1.10 1.15 
Bituminous coal........ .65 92 1 1.08 1.01 1.05 
Ol Serer .60 85 .92 1 .93 97 
ee, re 65 -90 .99 1.07 1 1.04 
Coke oven gasS........- 1.03 78 .87 -93 Be | 1 


From the foregoing it will be obvious that the 
volume and weight of the air requirements and of 
the products of combustion per million B.t.u. will 
vary with the relative amounts of carbon and 
hydrogen in the fuel. 

Hydrogen, in the combustible constituents of 
coal, varies from about 1.5 per cent in anthracite 
to 6.0 per cent in high volatile bituminous coal. 
The remainder is carbon plus a small percentage 
of impurities, chiefly sulphur. Ignoring the im- 
purities, the following data applies to two fuels 
representing the limits in variation of hydrogen 
content, as above stated: 


Lb. comb. 


High heat Lb. air Lb. prod. 
value required er million combustion 
per Ib. of per million .t.u. with per million 
H ‘; combustible B.t.u. zero excess B.t.u. 
iS 98.5 15,240 65.6 777 842 
6.0 94.0 17,395 57.5 742 800 


A mean value between the two limits of air re- 
quirements and also of products of combustion 
per million B.t.u. is within less than 3 per cent of 
the limiting values. Such accuracy is ample for 
most estimating and design purposes. It would 
therefore appear sufficiently accurate to assume a 
constant value of air and also weight of products 
of combustion as applying to all coals. To obtain 





greater accuracy some account must be taken of the 
carbon to hydrogen ratio. The ultimate analysis of 
the coal is frequently not available though a proxi- 
mate analysis showing volatile matter and fixed 
carbon is almost always at hand or is readily ob- 


tainable. The hydrogen content bears a close re- 
lation to volatile content. It appears logical, there- 
fore, that an approach to accuracy should be attain- 
able by using mean values of weight of combus- 
lible air, products of combustion and water vapor 
formed by combustion of hydrogen in relation 
io the fraction fixed carbon divided by volatile 
matter. The curves in Fig. 1 show such relation- 
ships and are based on over 100 analyses picked at 
random from bulletins of the U. S. Bureau of 
Mines. In no case did the actual values vary from 
the curves by more than 3 per cent and aside from 
three instances they were within 2 per cent. Con- 
sidering the uncanny property of a curve for ex- 
posing inaccuracy in individual calculations there 
is just a suspicion that the curves may be more ac- 
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curate than the individual analyses upon which 
they are based. The writer, however, stands very 
much in awe of the accuracy of Bureau of Mines 
work and would not question the analyses data if 
the inaccuracies suggested by the curves were large 
in number or serious in magnitude. However, even 
if 100 per cent accuracy is admitted in the analy- 
ses, the approach to accuracy on the part of 
the curves is sufficient for all practical design 
purposes. 

Referring to Table 3 applying to fuel oil it will be 
observed that, though the analyses vary consid- 
erably, the pounds of air required per million B.t.u. 
varies between the limits of 711 and 747 lb. and the 
weight of the products of combustion between the 
limits of 762 and 800 lb. The mean value in either 
case is within 3 per cent of extreme values. 

In Table 4 data similar to Table 3 is recorded for 
natural gas. Here a very wide variation in analy- 


TABLE 3—FUEL OIL 


Ultimate analysis, per cent by weight 


Data per million B.t.u. 
ae a 





Specific . m c ~~ cr ‘ 
gravit .t.u. per Ib. N, O and Lb. Lb. Lb. prod. 
From at 60° F. high value c H Ss other impurities oil air ecailindlion 
Texas -£3 Sede k cbs batewkanes beweee -925 19654 83.26 12.41 0.50 3.83 50.9 711 762 
Mexico Pre ee -987 18510 84.02 10.06 4.93 0.99 54.0 726 780 
MEUEOMEINEDE © 5 50 a's. oboe lovee .892 19376 85.62 11.98 0.35 2.05 51.6 725 777 
ee SOFFIT ee eee Tee -955 18835 84.67 12.36 1.16 1.81 53.1 749 802 
DE NG Cscsck caus ine ee Rohe wes -924 19060 84.60 10.90 1.63 2.87 52.5 718 770 
Oe Serre ey ey Serene Pra «SA 926 19481 83.30 12.40 0.50 3.80 51.4 713 764 
LAER IE Be ei We ee aie -908 19338 87.15 12.33 0.32 0.20 51.7 743 795 
Texas bee ceeecccceseneccseseegons -910- 19659 87.29 12.32 0.39 0.00 50.9 734 785 
California ......csccccccccnccece -950 18720 86.37 11.30 0.60 has 53.4 747 800 
POUR sikwisdGih sis ous Sled dene -940 19440 86.60 12.30 0.00 1.1 51.4 738 789 
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TABLE 4—NATURAL GAS 


Constituents per cent by volume 


Data per million B.t.u. 
= * 














Specific High B.iu. 7 ~ c —, 
gravity per cu. ft. at Carbon Cu. ft. gas Lb. COz, per cent 
relative 14.7 Ib. Methane Ethane Nitrogen dioxide at 14.7 Ib. : $ products with zero 
State to air and 60° F. CHs C2He Na: CO2 and 60° F. Lb. gas Lb. air combustion excess air 
Arkansas ....... 0.56 1000 99.2 0.0 0.6 0.2 1090 42 730 772 11.68 
California: ....... 0.70 1053 77.5 16.0 0.0 6.5 947 50 739 789 12.70 
BEE viccavens 0.86 1458 37.5 59.6 2.9 0.0 686 45 730 775 12.80 
NO I ee 0.62 984 86.8 6.2 6.2 0.8 1016 48 730 778 11.90 
SE, Givtc dev ca 0.57 988 98.0 0.0 0.8 1.2 1010 44 729 773 11.80 
Kentucky ....... 0.66 1139 77.8 20.4 1.8 0.0 877 44 731 775 12.20 
Louisiana ...... 0.58 973 96.5 0.0 2.1 1.4 1027 46 729 775 11.80 
_ Fe eee 0.59 1008 92.6 4.3 2.5 0.6 991 45 732 777 12.55 
oO?) ae 0.75 1264 59.8 37.6 2.2 0.4 792 45 742 787 12.50 
ey oe ae 0.63 1062 83.5 12.5 3.8 0.2 940 45 734 779 12.00 
Oklahoma ...... 0.58 959 95.2 0.0 3.5 bE 1042 46 730 776 11.80 
Pennsylvania .... 0.60 1065 90.0 9.0 0.8 0.2 938 43 732 775 12.03 
“RORRD wccevececes 0.57 988 98.0 0.0 1.3 0.7 1012 43 730 773 11.75 
W. Virginia . 0.64 1126 82.0 17.0 0.9 0.1 888 43 737 780 12.15 
TABLE 5—COKE OVEN GAS 
Constituents—per cent by volume as 
“A \ Data per million B.t.u. 
Specific High B.t.u. Carbon : o— “A ~ 
Sam- gravity per cu. ft. Hy- Ben- mon- Carbon Ni- Cu. ft. gas Lb. COs, per cent 
le relative at14.7lb. drogen Methane Ethylene zene oxide dioxide trogen Oxygen at 14.7 Ib. Lb. Lb. prod.of with zero 
No. toair and 60° F. He CHa 2H eHe co O2 2 O2 and 60° F. gas air combustion excess air 
1 -415 634 47.0 34.0 6.6 oe 9.0 pS 4.4 ee 1575 48 662 710 11.65 
2 .342 536 57.4 28.5 2.9 ‘ 5.1 1.4 4.2 0.5 1860 49 653 702 10.00 
3 .362 480 54.2 28.4 ‘Ke be 4.9 0.8 10.1 1.6 2080 59 653 712 9.30 
4 358 587 53.0 35.0 2.0 a 6.0 2.0 2.0 an 1710 47 651 698 10.55 
5 .430 591 47.3 33.9 2.6 0.9 6.8 2.2 6.0 0.3 1690 56 671 727 11.2 
6 .390 596 53.0 31.6 2.7 1.0 6.3 1.8 3.4 0.2 1676 50 670 720 


sis and heat value per cu. ft. results in a varia- 
tion in air required per million B.t.u. limited by the 
figures 729 and 742 lb. The weight of the products 
of combustion vary between the limits of 772 and 
789 lb. The mean values in this case are just over 
one per cent off from the extremes. 

In Table 5, for coke oven gas the mean values 
for air and products of combustion are less than 
2 per cent from the extreme limits which in the 
case of air are 651 and 671 lb. and in the case of 
products of combustion are 698 and! 720 lb. 

The consistency of the results as calculated for 
the four fuels above referred to has suggested the 
desirability of recording them in chart form. Fig. 
2 is the result of an effort to do this and is believed 
to offer a convenient tool in the solution of com- 
bustion problems. 

Curves for blast furnace gas have been added, but 
they are, as labeled, only typical. The analysis on 
which they are based is as follows: 


H, 3.0 
CO 27.5 
CO; 10.1 
N; 59.4 


B.t.u. per cu. ft. at 60 deg. fahr. and 14.7 lb.—98 


Weight per cu. ft. at 60 deg. fahr. and 14.7 lb— _ .0762 Ib. 


The accuracy of the blast furnace curves are not 
sufficient for extreme cases, but may be used for 
preliminary estimates in the absence of analysis of 
the gas under consideration. 

Values of CO, have been added to the chart. 
They are the averages for the samples recorded in 
Tables 3, 4 and 5 and for the coal samples upon 
which the other coal curves are based. The accur- 
acy of the CO, curves is not established and, al- 
though it is believed that results obtained by enter- 
ing the chart through the CO, scale will be reason- 
ably accurate, it is preferable to enter the chart 
through the excess air scale. By doing so the re- 
sults can be depended upon as accurate to within 
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10.9 . 


plus or minus three per cent. The curves to the 
right side of the chart serve to multiply the values 
of weight of products of combustion per million 
B.t.u. by the volume per pound. In this calculation 
full recognition is taken of the volume of water 
vapor formed by the combustion of hydrogen. The 
scale of volumes is the volume at 1000 deg. fahr. 
of the gas per million B.t.u. of fuel burned, divided 
by 1000. To obtain the volume of gases at any 
temperature, it is only necessary to multiply the 
scale values by the absolute temperature deg. fahr. 
of the gas under consideration. 

In Table 6, the values of CO, and excess air are 
taken as representing the highest character of op- 
eration. The weights of combustible air and prod- 
ucts of combustion per million B.t.u. are taken 
from Figs. 14 and 2 and Tables 3, 4 and 5. The 
weight of blast furnace gas per million B.t.u. is cal- 
culated from the heat value and weight per cu. ft. 
recorded with the above analysis. The water vapor 
from the combustion of hydrogen is calculated from 
the average analyses in Tables 3, 4 and 5 and for 
the average coal samples considered. The tem- 
perature of the products of combustion have been 
assumed the same for all fuels, an assumption 
which will not be much in error when the same 
volume of gas is passing out of the boiler for all 
fuels. 

The volume of the products of combustion are 
taken from Fig. 2 corresponding to the excess air 
and temperature of products of combustion as 
given. 

Based on Table 6, the heat balances for the 
various fuels have been compiled and recorded in 
Table 7. Inasmuch as air requirements and the 
products of combustion are the two quantities 
being studied the heat balances do not take into 
consideration any grate losses or losses due to un- 
burned solids and also assume complete combus- 
tion of the gases. 

Tables 1 and 2 have been based on the values 
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cecorded in Tables 6 and 7. Except for those given 
in Table 4, the values for blast furnace gas are 
based on an efficiency of 81.86 per cent instead of 
87.26 as in Table 7. This change is due to the fact 
that volume of the products of combustion under 
ihe assumption of equal air input to the furnace is 
approximately twice as great for blast furnace gas 
as for the other fuels and consequently the outlet 
temperature is estimated to be 150 deg. fahr. higher. 
In Tables 1 and 2 it is assumed that the maximum 
volume of air and products of combustion which 
the forced and induced draft fans will handle will 
be the same for all fuels. This assumption will be 
correct if the draft resistance against which the 
forced draft system must work is the same in all 
cases and if the draft pressure in the furnace is 
inaintained the same in all cases. 

In all of the foregoing actual calculated quantities 
of air and products of combustion have been dealt 
with. 

In the consideration of draft equipment, how- 
ever, generosity to the point of extravagance is a 
virtue. The ability to supply air to, and to remove 
the (products of combustion from, the furnace 
places a positive limit on the steam output of the 
unit. With sufficient draft available the steam out- 
put may be increased to an abnormally high figure 
tor short periods to meet emergency requirements, 
such as may arise from an enforced and unforseen 
shutdown of another unit or through a sudden in- 
crease in load arising from trouble experienced at 
an interconnected plant. In the absence of over- 
capacity fans it may be advisable to provide a 
spare unit and to keep it in service or on banked 
fire. Viewed as auxiliaries, over-capacity fans are 
expensive, but considering their value as spare ca- 
pacity they may be and usually are a sound in- 
vestment. 


The required volume of air to the furnace is sub- 
ject to reasonably precise calculation. The amount 
of leakage into the furnace which does not come 
through the fan and the leakage of high-pressure 
air between the forced draft fan and the furnace 
are more or less indefinite. They, however, offset 
one another in establishing the capacity of the 
forced draft fan. Since the furnace leakage is 
likely to be more than the duct leakage, it is prob- 
ably a conservative assumption to figure the fan 
for 100 per cent of furnace requirements at the 
maximum contemplated rating. In addition to 
this, the fan should have a reserve capacity of 15 to 
25 per cent to give a desirable degree of flexibility 
on peak-load service. 

Estimates of pressure requirements for forced 
draft fans usually contain elements of uncertainty. 
Unless the installation is an absolute duplicate of 
an existing installation, from which accurate data 
are available—a situation which rarely occurs, 
some one or more of the elements making up the 
total requirements must be estimated or assumed. 
Estimates made as accurately as possible should 
probably be increased by 10 per cent to allow for 
errors. In addition, the pressure should provide 
for at least a 10 per cent over-capacity for the sake 
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of flexibility and stability at peak ratings. This 
means that the estimated pressure must be multi- 
plied by 1.10 squared or 1.21. 

With induced draft systems a variely of adverse 
factors must be taken into consideration which do 
not exist in the forced draft calculations. Induced 
draft fans must handle gases carrying in suspen- 
sion more or less abrasive solids which cause wear 
of the fan blades and increase running clearances. 
Some of the solids frequently adhere to the back 
of the fan blades. These factors cause loss of ef- 
ficiency and capacity. The passages through which 
the gases are drawn become fouled with ash and 
hard deposits causing increase in draft resistance. 
Air leakage into the setting raises the volume of 
gases and increases draft resistance. These factors, 
if not adequately taken into account, invariably 
result in insufficient fan capacity for the service 
contemplated with consequent embarrassment in 
operation. 

To provide for a reasonable amount of leakage 
and for a reserve for flexibility the calculated ca- 
pacity of the fan at peak capacity should be in- 
creased by 25 to 30 per cent. 

The pressure calculations made on a conserva- 
tive basis for a clean boiler unit and after allowing 
for a furnace draft at entrance to the boiler tube 
bank of about 0.25 in. should be increased by at 
least 30 per cent. This, on a clean unit, means pro- 
vision for an excess capacity of 15 per cent. The 
object of the excess, however, is primarily to care 
for the contingencies of adverse factors already 
enumerated. 


An Example 


Assume a steam generating unit to be designed 
for the following operating conditions: 





Ce: ee 150,000 lb. of steam 
per hr.. 
Operating pressure at superheater outlet. . 350 Ib. gage 
Steam temperature at superheater outlet.. 720 deg. fahr. 
Feedwater temperature to the economizer 315 deg. fahr. 
Outlet gas temperature from unit........ 350 deg. fahr. 
Boiler room temperature................. 75 deg. fahr. 
WN i win cbsvdieal Vesovocudbsavivetiia Bituminous coal 
From the steam tables the B.t.u. per pound of steam is 1375.3 
B.t.u. per pound of feedwater at 315 deg. fahr......... 283.0 
INGE GUD AOR ITU TOE, oc cans 5 eS cck decectsncceess 1092.3 
Total heat absorbed by the unit—150,000 « 1092.3 or 
157,000,000 B.t.u. 


For first class operating conditions we may as- 
sume that the excess air supply to the furnace will 
he 16 per cent and that this will be increased by 
leakage into the setting to give 24 per cent excess 
air in the gases at the outlet from the unit. 

From Fig. 2 we find that weight of gases in the 
furnace per million B.t.u. in the fuel burned is 
942 lb. The weight of gas at the outlet of the unit 
per million B.t.u. in the fuel burned is 1002 lb. The 
volume of gas at the outlet of the unit per million 
B.t.u. in fuel burned (from Fig. 2) at 350 deg. fahr. 
is 24.3 X (460 + 350) or 19,700 eu. ft. 

To obtain the total amount of heat supplied by 
the fuel burned in the furnace, we must first obtain 
the heat losses in the dry gases, in the moisture 
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formed by the combustion of hydrogen and by 
radiation. The amount of water vapor formed 
by the combustion of hydrogen for bituminous coal 
will run (Fig. 1) from 25 to 35 lb. per million 
E.t-u. Thirty pounds may be assumed as an esti- 
mating figure, in the absence of a precise fuel an- 
alysis. This leaves a weight of dry gas per million 
B.t.u. at the unit outlet of 972 Ib. The dry flue gas 








when burning bituminous coal. 
be instructive to verify this figure. 
Assuming the gas to contain 28 per cent excess 
air at the outlet from the unit, we find from Fig. 2 
that the weight of gases per million B.t.u. at the 
unit outlet will be 1490 lb. With the same volume 
of gases flowing through the unit, the outlet tem- 
perature when burning blast furnace gas will be 


It will perhaps 











TABLE 6 
Data per million B.t.u. in combustible burned 
Per cent excess air Per cent CO2 Temp. Lb. prod. combustion Lb. air Cu. ft. prod: 
, NX ~ prod. of r = ~ corres.to Lb. water ucts of com- 
At At _ At ae. comb. at At At Lb. fuel excess air vapor from _bustion at air 
furnace airheater furnace air heater air heater furnace air heater moisture at furnace comb. heater outlet 
outlet outlet outlet outlet outlet outlet outlet andash free outlet of hydrogen 350 deg. fahr. 
Blast furnace gas 22 28 22 21.5 350 1455 1496 770 685 15.5 28500 
Anthracite coal... 27 35 15.5 14.5 350 1050 1110 64 986 15.5 21550 
Bituminous coal.. 16 24 16 15 350 945 1002 61 884 29.0 19770 
EE ae 10 15 14.2 13.9 350 855 890 52 803 55.0 18000 
Natural gas...... 8 13 11.2 10.7 350 830 870 46 784 91.5 18150 
Coke oven gas... 8 13 9.7 9.3 350 760 795 P| 709 102.5 17250 
loss will therefore be 972 X (3850 — 75) X the but very little different from the outlet tempera- 


specific heat, 0.24 or 64,000 B.t.u. The loss due to 
moisture from the combustion of hydrogen will be 
in accordance with the A.S.M.E. Code, 30 x [41089 
+ 0.46 X (350 -— 75)] or 37,900 B.t.u. The radia- 





tion loss may be assumed at 1.0 per cent. Sum- 
marizing, the total losses are as follows: 
B.t.u. per million 
B.t.u. in 
fuel burned Per cent 
Dry flue gas losses ................ 64,000 6.40 
PN DOOR: wc senehvechwitesne'ss 37,900 3.79 
RTO AGES. 60-656 iver i-avieawedinw 10,000 1.00 
BS enbiiiuvedeskesvenskwsciens 111,900 11.19 


The efficiency of the unit, exclusive of grate 
losses and incomplete combustion loss, is 100 — 
41.49 or 88.81 per cent. The heat supply from the 
burning of fuel, therefore, becomes 157,000,000 di- 
vided by 0.8881 or 176,700,000 B.t.u. per hour. 

From Fig. 1 we find that the combustible burned 
per million B.t.u. is approximately 61 lb., which 
gives a total combustible burned per hour of 10,- 
780 lb. The total weight of the products of com- 
bustion at the furnace outlet is 942 176.7 or 166,- 
500 lb. per hr. By difference the air requirement 
per hour is 155,680 lb. per hr. Increasing this value 
by 20 per cent gives a value of 186,700 lb. per hr. 
as the weight of air for which the forced draft fan 
should be specified. Translating this into terms of 
cubic feet per minute at 75 deg. fahr. gives a vol- 
ume of 42,100 c.f.m. for the forced draft fan. The 
volume of gas at the induced draft fan inlet we 
have already found to be 19,700 cu. ft. per million 
B.t.u. in the fuel burned. The total volume per 
minute is, therefore, 176.7 X 19,700 ~ 60 or 58,000 
c.f.m. Increasing this value 25 per cent gives 72,- 
500 c.f.m. as the volume for which the induced 
draft fan should be specified. 

Let it now be assumed that this unit is to be 
changed to burn blast furnace gas. The capacity 
of the unit will now be limited entirely by the gas 
handling capacity of the induced draft equipment. 
From Table 2 we discover that so limited, the ca- 
pacity of the unit will be 65 per cent of the capacity 
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ture when burning bituminous coal. Very little 
error will be introduced by an assumption that the 
temperatures are identical. We find from Fig. 2 
that the volume per million B.t.u. in the fuel is 35.0 
x (460 + 350) or 28,400 cu. ft. Maintaining the 
same reserve in the induced draft fan, the gas han- 
dling capacity is 58,000 c.fm. The maximum rate 
at which we may burn fuel with blast furnace gas 
will, therefore, be [ (58,000 X 60) ~ 28,400] X 1,- 
000,000 or 122,500,000 B.t.u. 

To determine the steam output corresponding to 
this rate of firing, we must again determine the 
losses. From Table 6 we find that the average 


TABLE 7—HEAT BALANCES BASED ON TABLE 6 


Blast Anthra- Bitumi- Coke 
furnace cite nous Fuel Natural oven 
gas coal coal oil gas gas 
Dry flue gas loss.... 9.85 7.93 6.55 5.62 5.22 4.65 
Loss due hydrogen... 1.96 1.83 3.43 5.33 10.82 12.10 
Radiation loss ...... 1.00 1.00 1.00 1.00 1.00 1.00 
12.81 10.76 10.98 11.95 17.04 17.75 
Boiler efficiency, ex- 
clusive of grate 
losses & unburned 
combustible ..... 87.19 89.24 89.02 88.05 82.96 $2.25 


moisture weight formed by the combustion of hy- 
drogen for blast furnace gas is 15.5 lb. per million 
B.t.u. By identical calculations with those apply- 
ing to bituminous coal, we arrive at the following 
losses : 


Dry Flue Gas 9.85 per cent 





Hydrogen loss 496” ” 
Radiation loss YY 
Total 42.84 2” ” 


giving an efficiency of heat absorption of 87.19 
per cent. The heat absorbed per hour, therefore, 
becomes 122,500,000 multiplied by 0.8719 or 106,- 
800,000 B.t.u. per hr. The steam output assuming 
the same steam conditions therefore becomes 106.,- 
800.000 -- 1092.3 or 97,700 lb. per hour, which will 
be found to be 65 per cent of 150,000; this checks 
with Table 2. j 
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Discussion of A. T. Brown's Paper 






“Some Notes on the Performance 


By L. J. MARSHALL 


NDOUBTEDLY empirical methods provide the 
U only practical means of determining the tem- 
perature al the outlet of a boiler furnace. Attempts 
to arrive at a solution by rational methods have 
proved to be too complicated and mathematical for 
general use. The paper by A. T. Brown, published 
in the April issue of Combustion, suggests an em- 
pirical method of determining furnace temperature 
by means of a general formula, all terms of which 
are quite easily determined. The formula involves 
a coefficient termed ‘“r’, the value of which has 
been determined from test results and experimental 
data on a number of boiler furnaces. This term 
is defined as an experimental coefficient of heat 
resistance from furnace outlet temperature to tem- 
perature of water in tubes which equals tempera- 
ture difference (temperature furnace outlet to 
temperature water in tubes) divided by B.t.u. heat 
absorbed per sq. ft. (projected area) of radiant 
heat absorbing surface per hour. 
With the value of “r’ known, furnace outlet 
temperature is determined by means of the general 
formula. 


S: +H; G, T; 
S + H; G, 


I, = theoretical temperature to which the 
products of combustion would be 
raised if there were no surfaces pres- 
ent which absorbed radiant heat and 
no heat could escape from the fur- 
nace. 

T, = actual temperature of the furnace 
gases at the outlet of the furnace. 

t = temperature of water and steam in- 
side the water-cooled surfaces and 
boiler tubes. 

H; = mean specific heat B.t.u. per lb. per 
deg. fahr. (T; to T,). 

G = lb. gas per hour, total. 

S = square feet of projected area of ex- 
posed water-cooled surface, includ- 
ing boiler tubes. 

Past experience has demonstrated that furnace 

temperatures and furnace heat absorption depend 

on so many factors that the problem of devising 
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of Boiler Furnaces’ 


A. T. Brown’s paper, discussed in the 
accompanying article, was presented before 
the Metropolitan Section of the A.S.M.E., 
New York, March 22, 1932, and published 
in full in the April issue of COMBUSTION. 
In his discussion of this paper Mr. Marshall 
questions the practical utility and accuracy 
of the term “r’’ proposed by Mr. Brown as a 
coefficient of heat resistance and used as 
such in his formula. He points out that 
there are too many variables involved in 
furnace heat absorption to permit the 
rational use of any single coefficient . . . 
The author also discusses methods for the 
empirical determination of furnace outlet 
temperature other than that proposed by Mr. 
Brown, and, while admitting their feasibility 
when they involve the use of different co- 
efficients for different types of furnaces, 
firing conditions, etc., he indicates a prefer- 
ence for methods based upon furnace heat 
absorption rather than temperature. 


a satisfactory means for their determination is a 
difficult one. If it is assumed that combustion is 
complete within the furnace, all of the following 
factors can be said to have some influence on the 
furnace temperature. 

Type and characteristics of fuel. 

Rate of firing. 

Type of firing. 

Per cent CO, or excess air in furnace. 
Amount and temperature of preheated air. 
Amount and nature of water-cooled sur- 


> OL 09 10 


faces. 
7. Cleanliness of water-cooled surfaces. 
8. Temperature of water and steam within 
water-cooled surfaces. 
9. Design and arrangement of furnace. 
10. Losses due to radiation and combustible in 
ash. 
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If incomplete combustion occurs still another 
factor would be introduced. 

From the nature of some of these factors it is 
questionable whether a single coefficient applied 
to a general formula can be expected to give satis- 


factory results. Such factors as the design of fur- 
nace and cleanliness of water-cooled surfaces are 
diflicult to incorporate as a coefficient in a formula 
or equation. 

In attempting to analyze and account for the 
various factors, in connection with the experi- 
mental data used by Mr. Brown, it could be as- 
sumed that the characteristics of the coal used on 
all installations are the same. The error involved 
by this assumption would be negligible if all of 
the coals are assumed to come from eastern bitumi- 
nous fields, which is probably the case. Then 
item 1, the type and characteristics of the fuel, may 
be dropped from consideration. Item 10, losses 
due to radiation and combustible in ash, are 
usually small and for all practical purposes may 
be neglected. Item 2, rate of firing, the abscissae 
in Fig. 1 (chart 3 of Mr. Brown's paper) is used 
as a basis for comparison. There are left seven 
other influencing factors. 

The data from the cross-drum boiler tests, 
plotted in Fig. 1, offer the best means of determin- 
ing the effect of watercooling upon the coefficient 
“rp”, It is indeed unfortunate that furnace tem- 
peratures for the cross-drum boiler tests are esti- 
mated temperatures. 
of “r” for the cross-drum boiler should not be 
given as much weight in the comparison as the 
data for the other installations. However, while 
the absolute values of “r”’ for the cross-drum 
boilers may be in error, the comparative results 
should be reasonably correct. The differences 
then between the values of “r’, for 100 per cent 
watercooling, partial watercooling, and no water- 
cooling, should indicate the effect of watercooling 
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Fig. 1—Heat absorption in water-cooled furnaces. 
upon the coefficient “r’. These differences are 
shown in Fig. 1. 

For the purpose of discussion, we might assume 
that all of the estimated points for the stoker- 
fired, .cross-drum boilers are removed from the 
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For this reason the values | 





chart. It would then be rather difficult to place a 
curve through the remaining points which would 
represent an average or characteristic curve for all. 
Yet these installations are all pulverized coal fired 
and, with the possible exception of the Stirling 
boiler, completely water-cooled. It is evident, 
therefore, that other factors than Watercooling are 
responsible for variations in “r”. If the Kips Bay 
and Stirling boiler points only are considered, an 
average curve might be drawn but many of the 
points would be an appreciable distance above or 
below this curve. How can we account for these 
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Fig. 2—Coefficient ‘‘r’’-—Hell Gate Boiler No. 81. 
chart show per cent CO. in furnace. 


Figures on 


variations? A_ particularly noticeable feature, 
especially in connection with the points plotted for 
the Hell Gate and Stirling boilers, is the fact that 
there are several values for ‘“r” for the same heat 
input (abscissae Fig. 1) to the furnace. In at- 
tempting to discover the reason for this, the writer 
has replotted the data for the Hell Gate tests in 
Fig. 2. The numeral at each point denotes the 
CO, in the furnace. From this plot it appears that 
variations in CO, account, in part at least, for 
variations in “r”’. Lower values of “r’” appear to 
go hand in hand with higher CO, percentages, in- 
dicating that with higher CO, the rate of heat 
transfer to the water-cooled surface is greater. 
Theoretically this should be so, since radiation 
from CO, and water vapor at elevated temperatures 
is much greater than from the other constituents 
of the products of combustion. Also with higher 
CO. percentages less air is required to burn the 
fuel and therefore less heat is used in heating the 
products of combustion to furnace temperatures, 
making more heat available for absorption by the 
water-cooled surfaces. 

Theoretically the type of firing would be ex- 
pected to influence the value of “r’. In the first 
place part of the radiation to the furnace walls 
lakes place from the flame itself. In the case of 
pulverized coal, and to a lesser degree oil and gas 
firing, the entire furnace is more nearly filled with 
flame than with stoker firing, in which case the 
flame occupies a limited zone just above the fuel 
bed. The flame in pulverized coal furnaces con- 


1932—COMBUSTION 


June 











taining large amounts of incandescent carbon 
particles radiates more heat than does the non- 
luminous flame of a gas-fired furnace. Secondly, 
the type of burner influences the heat absorption. 
With tangential firing, for example, there exists 
a decided scrubbing action of the gases against the 
waterwalls, the result of which is an increased 
transfer of heat by convection in addition to the 
transfer by radiation. 


With respect to the other factors listed on page 
35, the following comments are made: 

The nature of the water-cooled surface naturally 
affects its heat absorption. Bolted-on cast-iron 
blocks and refractory-covered blocks will not ab- 
sorb heat as readily as bare, plain or fin tubes. 

Any comparison of absorption rates for bare- 
tube furnaces should consider the construction of 
the furnace walterwalls. For example, plain tubes 
may be closely spaced to form an almost continu- 
ous metallic wall or they may be arranged widely 
spaced with the plane of the tubes in front of the 
refractory wall. With the former arrangement the 
front half of the tube only “sees” the flame, while 
in the latter more than half of the tube is exposed 
to the flame and the rear of the tube is exposed 
to reflected heat from the refractory wall behind. 
Plain tubes are sometimes arranged widely spaced 
with the rear half of the tube set into the refrac- 
tory wall. In this case only half of the tube is ex- 
posed to the radiant heat. 

While the actual exposed area of the water- 
cooled surface is a more rational quantity to use 
in furnace calculations, the use of the projected 
area of the surface is more convenient. In order 
io make use of the more convenient quantity, pro- 
jected area, factors or coefficients might be 
established to represent the area of the various de- 
signs of waterwalls which would be equivalent 
to one square foot of projected area. 

Furnace temperatures in the same furnace and 
at the same rating may vary 200 to 300 deg., de- 
pending on the cleanliness of water-cooled sur- 
faces. Coatings of slag on parts of walls cause 
those parts to be comparatively ineffective. Ac- 
curacy of furnace calculations for slag-covered or 
dirty furnaces will depend largely upon the judg- 
ment and experience of the calculator. William 
L. DeBaufre, a few years ago, proposed to take 
account of furnace wall conditions by means of 
an “effectiveness factor” which will be referred 
to later in this discussion. The value of this “ef- 
fectiveness factor’ varies with the conditions of 
the furnace wall surfaces. Based upon experi- 
mental data Mr. DeBaufre determined its value for 
clean, slightly dirty, and for dirty furnaces. 

The design and arrangement of the furnace 
would be expected to influence the furnace heat 
absorption. For example, in stoker-fired' furnaces, 
particularly with stokers of the traveling grate type 
and long overhung arches, only small portions of 
the boiler surface and upper furnace walls “see” 
the fire, the effect of which is a reduced furnace 
heat absorption and high furnace temperature. In 
pulverized coal as well as oil and gas furnaces, the 
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size of the furnace and the ratio of plan area to 
furnace perimeter no doubt affects the furnace heat 
absorption. In partially water-cooled furnaces the 
location of the water-cooled surface influences the 
absorption. 

While it is true that Mr. Brown’s general formula 
includes terms which are intended to take account 
of some of these items, it is questionable whether 
they are properly accounted for or not. For ex- 
ample, it is proposed to account for differences in 
CO, in the general formula, by means of the term 
G (Ib. gas per hr.). That the: CO, is not properly 
accounted for by this method is illustrated by Fig. 2. 

In the derivation of an empirical equation, it 
would appear more logical to make use of rational 
relationships where possible. It is well known 
that heat transfer in boiler furnaces occurs largely 
by radiation and that according to the Stefen-. 
Boltzmann Law the amount of heat transferred is 
proportional to the difference of the fourth power 
of the absolute temperatures of the radiating bodies. 
lt. follows that a coefficient based upon the fourth 
power relation would more nearly approximate 
the actual condition. In this connection it is in- 
teresting to compare Mr. Brown’s method with 
that proposed by Mr. DeBaufre, as outlined in a 
paper entitled “Heat Absorption in Water Cooled 
Furnaces.”* Mr. DeBaufre gives the formula: 


es E ee 380 Toes 
F ( 1000 ) ( 1000 ) 


Where 

Tg = absolute temperature of products of 

combustion leaving the furnace, deg. 

fahr. 
absolute temperature of water and 
steam within the water-cooled sur- 
faces, deg. fahr. 
fuel fired per hour per sq. ft. of 
water-cooled surfaces, lb. 
heat radiated per Ib. of fuel fired in 
B.t.u. 
experimental coefficient termed “ef- 
fectiveness factor’ of water-cooled 
surfaces. 
It follows that RF = heat radiated to (absorbed 
by) water-cooled surface in B.t.u. per sq. ft. per 
hr. 
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( 1000 ) ( 1000 ) 


whereas in Mr. Brown’s equation heat absorbed by 
water-cooled surface in B.t.u. per sq. ft. per hr. = 


(T; —T,) H,G T,—t 








and r = 
S (T: —T.) HiG 





* Presented at the annual meeting of the American Society of Mechani- 


cal Engineers in December, 1930, and published in the January, 1931, 
issue of Combustion. 
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The similarity of the two equations is evident, 
the coefficient in each being a ratio of “heat ab- 
sorbed by water-cooled furnace” to a function of 
the “furnace outlet temperature” and one being a 
reciprocal of the other. Mr. DeBaufre has selected 
the fourth power relation for the temperature func- 
tion, while Mr. Brown has chosen the simpler ex- 
pression temperature difference (T,—t). The 
fourth power relation would appear to be more 
logical, although as Mr. DeBaufre pointed out, 
there are several reasons why it is not strictly true. 
Mr. Brown’s relation provides a simple general 
formula which permits a direct solution, while the 
DeBaufre method requires the use of a cut and dried 
solution which also is comparatively simple. 


It cannot be expected that an experimental coeffi- 
cient will apply to or agree with the various 
theories regarding the performance of a boiler fur- 
nace. It must be borne in mind that an empirical 
formula gives only an approximate result. To be 
useful however the results should be sufficiently 
accurate for practical purposes. Mr. DeBaufre 
gave the following reasons why the heat radiated 
to the furnace walls should not be proportional to 
the difference of the fourth powers of the furnace 
outlet absolute temperature and the absolute steam 
temperature, which was the relation used in deter- 
mining his effectiveness factor. 


“The temperature of the burning fuel and 
products of combustion within the furnace is 
not uniform, but varies from a maximum at 
the place of most intense combustion to a 
minimum generally at the furnace outlet. 

“The water-cooled surfaces absorbing radi- 
ant heat are at a higher temperature than the 
water evaporating into steam within these 
surfaces. 

“Some heat may pass by convection and 
conduction rather than by radiation. 

“Radiation from non-luminous gases does 
not follow the fourth power law, and radiation 
from burning fuel may not follow this law. 

“The flames may not entirely fill the fur- 
nace volume. Clouds of coal and unburnt 
fuel may intervene between the hot flames and 
part of the water-cooled surface. 


“Combustion may not be complete within 
the furnace, but continues into and through 
the boiler tube bank.” 


The selection of a function of furnace outlet tem- 
perature as one of the terms in the empirical equa- 
tion does not appear to have a sufficiently rational 
basis. Theoretically the temperature function should 
involve an average temperature rather than furnace 
outlet temperature. Such an average temperature 
is of course impossible to determine. Because of 
this fact and because the results of furnace calcu- 
lations involving furnace outlet temperature have 
not been entirely satisfactory, other methods have 
suggested themselves which are simpler and prob- 
ably more accurate. One method, most conven- 
iently applied in the form of a curve or graph, is 
the determination, from experimental data, of heat 
absorptions corresponding to heat liberations ex- 
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pressed in B.t.u. per square foot of radiant water- 
cooled surface. The heat liberated should be the 
net heat available in the furnace, which is the sum 
of the heat in the fuel and heat in preheated air 
less the furnace losses and less the latent heat of 
the moisture in the fuel and moisture produced by 
the burning of hydrogen. 


Fig. 3 is a curve of this type for the Hell Gate No. 
81 boiler. The data were obtained from the paper 
by Mr. DeBaufre to which reference has already 
been made. The ordinate of the curve represents 
the B.t.u. absorption per square foot of projected 
area of radiant water-cooled surface and the ab- 
scissae of the net B.t.u. available per square foot of 
projected area of radiant water-cooled surface. 
The numerals at each of the plotted points repre- 
sents the corresponding CO, in the furnace. It will 
be noted that for the range of tests run the data 
appear to be consistent. A curve can be drawn 
through points of the same COQ, to represent the ab- 
sorption corresponding to a given liberation and a 


90,000 
80,000 
70 


60,000 


B.T.U. ABSORPTION PER SQUARE FOOT 
PROJECTED RADIANT SURFACE PER HOUR 





4 


40 
100,000 120,000 140,000 160,000 180,000 200,000 220,000 
NET AVAILABLE 8.T.U. RELEASED PER SQ.FT PROJECTED AREA PER HOUR. 


Fig. 3—Furnace heat absorption—Hell Gate Boiler No. 81. 
Figures on chart show per cent CO, in furnace. 


given CO, content. The data for other CO, con- 
tents also appear to be consistent, indicating in- 
creased absorptions with increased CO, percent- 
ages. It would of course be desirable to have many 
of these charts for different types of furnaces, fuels 
and firing. 


Since the difference between the heat released 
and the heat absorbed in the furnace represents 
the heat content at the furnace outlet, the furnace 
outlet temperature may be easily determined by 
means of a chart or table giving temperatures cor- 
responding to various heat contents of the products 
of combustion. 

Regarding Mr. Brown’s general formula, it ap- 
pears that it could be simplified somewhat by elim- 
inating the term “T,” thus making it unnecessary 
to use the uncertain values of specific heat at high 
temperatures. The heat absorbed in a furnace by 
radiant water-cooled surfaces may be expressed as 
the difference between the heat liberated in the 
furnace and heat in the products of combustion 
leaving the furnace. 

If C = lb. coal fired per hour. 

K = lower heating value of fuel less com- 
bustible loss per lb. fuel. 
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A 


B.t.u. in preheated air admitted to the 

furnace per hr. 

H, = mean specific heat between T, and B. 

B = Basic temperature from which the 
products of combustion are raised. 

M = Total B.t.u. released in furnace per hr. 
=CK-+A. 

Then B.t.u. absorbed per sq. ft. of radiant 

M — (T, — B) H, G 


water-cooled surface = 





S 


If the higher heating value of the fuel were used 
for K, il would be necessary to add the latent heat 
to the last term of the above expression. 

For the denominator of the ratio representing the 
coefficient “r’’ we may substitute the expression 


M — (T, — B) H. G 








S 
(T.—t)S 
and r = 
M — (T, — B) H, G 
Ss: +rBH,G+rerM 
then T, 





S+rHG 


Referring again to Fig. 1, it can be concluded that 
variations in the coefficient “r’ are due to the 
widely different types of furnaces and conditions 
and in accordance with this discussion it can be 
said that these variations are to be expected. In 
fact as Mr. Brown has suggested, several character- 
istic curves for “r’” will be required, each to apply 
to a particular Paes of furnace and a particular 
set of operating conditions. The writer is of the 
opinion that a single experimental coefficient ap- 
plied to a general formula cannot be depended 
upon to give reasonably accurate results unless 
such is the case. The usefulness of such a set of 
curves will of course depend upon the accuracy of 
the experimental data and upon the number of dif- 
ferent types of furnaces tested. 








Link-Belt Co. Elects Tessence, President 


George Paul Torrence, vice president in charge 
of its Indianapolis operations, has been elected 
president of Link-Belt Company, Chicago, Ill. Mr. 
Torrence joined the organization 21 years ago, and 
in his present position is responsible for the man- 
agement of the company’s plants, warehouses and 
sales organization. 

Mr. Torrence spent a year in Arkansas with the 
Ayer & Lord Tie Company, following his gradua- 
tion from Purdue in 1908. He then took a shop- 
apprenticeship course in the Pittsburgh shops of 
Westinghouse Air Brake Co., following which he 
entered the employ of Link-Belt Co. in Indianapolis, 


as a sales engineer, reaching his present position by 


a series of progressive promotions. 
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George Washington, Engineer 


The Washington Bi-Centennial Commission has 
asked the Washington Society of Engineers to 
prepare a book on the planning and building of the 
City of Washington as a memorial to the first pres- 
ident. The Washington Chapter of American In- 
stitute of Architects, and other engineering socie- 
ties, will assist in the compilation of a de luxe vol- 
ume describing the nation’s capital and giving in- 
formation about George Washington’s career as an 
engineer. 





Allis-Chalmers Manufacturing Company, Milwau- 
kee, announces the election of Otto H. Falk as 
chairman of the board of directors. Mr. Falk has 
been president of the company since 1913. Max 
W. Babb, vice-president of the company since 1913 
has been elected president to succeed Mr. Falk. 





Combustion Engineering Corporatiun announces 
the receipt of contract from the Jamistown Coal 
and Coke Company of Hannastown, Penna., for 3 
stoker-fired boiler units. The boilers are rated at 
490 hp. each and are of the C-E bent-tube types. 
The stokers are of the forced-draft, chain-grate 
type, having 130 sq. ft. of grate surface each. 
Contract has also been received from the Sinclair - 
Refining Company for a 615 hp. Walsh-Weidner 
sectional header boiler designed for 450 lb. pres- 
sure. This boiler is to be installed at the company’s 
Coffeyville, Kansas, plant, and will be oil fired. The 
drum will be of welded construction throughout. 





June—Convention Month 


June seems to be the favorite month of the year 
for holding conventions. Among those scheduled 
this month are: 

American Gas Association, Atlantic City, June 3-4. 

National Electric Light Association, Atlantic City, 
June 6-10. 

National Process Meeting, Buffalo, June 6-7. 

American Society of Refrigerating Engineers, Cam- 
bridge, June 9-114. 

Society of Automotive Engineers, White Sulphur 
Springs, June 12-17. 

American Institute of Chemical Engineers, Sche- 
nectady and Corning, June 15-17. 

American Association for the Advancement of Sci- 
ence, Syracuse, N. Y., June 20-25. 

American Society for Testing Materials, Atlantic 
City, June 20-24. 

American Institute of Electrical Engineers, Cleve- 
land, June 20-24. 

Association of Iron and Steel Electrical Engineers, 
Pittsburgh, June 20-24. 

American Society of Heating and Ventilating Engi- 
neers, Milwaukee, June 26-30. 

National Power Show, Minneapolis, June 22-24. 

American Society of Mechanical Engineers, Lake- 
of-Bays, Ontario, Canada, June 27-July 4. 
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Hackney Station, Metropolitan 
Bureau of Hackney, London. 


Exemplifying Latest British Prac- 
tice for a Medium-Size Installation 
with Mechanical Stoking, High 
Superheat, Dust Separation, Com- 
pletely Water-Cooled Furnace, and 
Automatic Boiler Plant Control. 


1932 extensions to the Millfields Road Power 
Station of the Metropolitan Borough of Hackney, 
London, have now been completed and the station 
will be officially opened on June 23. Considerable 
interest attaches to this event for the reason that 
these extensions represent to a more or less degree 
the present general tendency in British power sta- 
tion practice, especially for small and medium-size 
plants. 

The new plant consists of three Simon-Carves 
boilers, each of 125,000 lb. per hr. normal evapora- 
tion operating at 400 lb. pressure and 800 deg. fahr. 
superheated steam temperature, and a 30,000 kw. 
Parsons turbo-generator set with Reynolle switch- 
board and other accessories. These boilers are fired 
by Underfeed Stoker. Company Type L traveling 
erate stokers. Other principal equipment includes 
Usco air preheaters, Green cast-iron economizers, 
M.L.S. superheaters, Musgrave fans, and Davidson 
dust collectors. Also there is a new and completely 
British automatic control equipment of Kent make 
with Foster pyrometers. 

As is pretty generally known, standard practice 
in Great Britain now tends toward high super- 
heated steam temperature of say 800 to 850 deg. 
fahr., and the use of dust collectors, while me- 
chanical stoking is more in favor than pulverized 
fuel, and great attention is being given to the com- 
plete use of scientific instruments. This is well in- 
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Extension to 
Hackney Station 
Completed 


By 
DAVID BROWNLIE, LONDON 


dicated by the extensions at Hackney, which are, 
however, on conservative lines for British condi- 
tions as regards the steam pressure and the size of 
the boiler. Incidentally, it is interesting to note 
that Hackney was the first power station in the 
world to adopt, in 1922, sterilization of the cooling 
water with chlorine gas, using the Chloronome ap- 
paratus. This station has also pioneered in the use 
of garbage as fuel. 

The coal and ash handling is on the telpher sys- 
tem, the tracks being in duplicate and each trans- 
porter machine being capable of handling 50 tons 
of coal per hour from barges. Priestman grab 
buckets each taking 3 tons at a time discharge the 
coal to any of the boiler house bunkers. This 
equipment includes an Avery totalizing track 
weighing machine, and each boiler has a traveling 
coal chute equipped with an automatic machine 
which weighs 6 cwt. per charge, the aggregate ca- 
pacity being 20 tons per hr. These chutes are 
driven electrically and feed into the stoker hoppers, 
the arrangement being such that any boiler can be 
fed from any bunker. 

There are three coal bunkers with an aggregate 
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capacity of 2000' tons, the bottoms of which are 
lined throughout with hard blue Staffordshire tiles. 
They are equipped with 12 coal valves arranged to 
serve the three boilers comprising the new installa- 
tion, as well as three additional boilers that are to 
be installed in the future. The coal pile, which is 
lit by flood-lighting at night, is served by a power 
drag scraper for storing and reclaiming. 

Ash is handled by the same telpher system which 
connects to a steel tower carrying an overhead ash 
bunker with a cantilever over the river so that the 
telpher transporters can discharge the ash to two 
400-ton barges. 

The new boiler house is a steel frame building 
with brick filled walls and flat ferro-concrete roof, 
of sufficient size to take six boilers with all the ac- 
cessory plant. 

The three Simon-Carves boilers furnished by 
Simon Carves, Ltd., of Cheadle Heath, Stockport, 
are of the multiple drum bent-tube type and are set 
over completely water-cooled furnaces. The front 
and rear arches and the roof, as well as the four 
combustion chamber walls, are formed of a series 
of water circulating tubes which, with the excep- 
tion of the roof tubes, are covered by patent re- 
fractory tiles. The entire unit, boiler and combus- 
tion chamber, is steel cased, with a special method 
of insulation. 

The boilers are designed for a normal evapora- 
tion of 125,000 lb. of water per hr. each with feed- 
water at 260 deg. fahr. steam pressure of 400 lb. 
gage, and a final temperature at the superheater 
outlet of 800 deg. fahr. The overload rating is 150,- 
000 lb. evaporation per hr. Each boiler has a total 
heating surface of 18,635 sq. ft., of which 2513 
sq. ft. is radiant heat absorption surface. 

The superheaters furnished by the Superheater 
Co., Ltd., London, are of the combined radiant heat 
and convection type, having an effective heating 
surface of 5,500 sq. ft. Approximately half the to- 
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View of furnace interior during construction. 
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tal number of elements are intermingled with the 
generating tubes of the front bank of boiler tubes. 
The economizers by E. Green and Sons, Ltd., Wake- 
field, are of the cast-iron, high velocity, gilled-tube 
type, each with 9,604 sq. ft. of heating surface ar- 
ranged in horizontal tubes in two sections and with 
duplex feed connections. 

The Usco plate-type air preheaters, furnished by 
the Underfeed Stoker Co., Ltd., of London, are lo- 
cated above the economizers and contain 20,730 
sq. ft. of heating surface each. They receive air 
from a forced draft fan in the boiler house roof. 
The arrangement is such that a regulated propor- 
tion of the heated air at 358 to 399 deg. fahr., de- 
pending on the load can be admitted above the 
grates through ports in the ignition arch, as well 
as below the grate level, where six sets of air valves 
are installed to give accurately controlled distribu- 
tion. 

Each boiler is fired with twin Type L traveling 
grate stokers, also supplied by the Underfeed Stoker 
Co., Ltd., each twin grate being 12 ft. 35g in. wide 
and 18 ft. 6 in. long, giving a total effective heating 
surface for one boiler of 455.0 sq. ft. They are 
driven by one right and one left hand driving gear 
of the self contained type, with variable speed elec- 
tric motor providing 24 standard speeds. Each of 
the six motors driving the stokers is 34% hp. and is 
of the totally-enclosed type, running within a range 
of from 400 to 1200 r.p.m. The coal to be used is 
Scotch washed nuts and smalls (such as Blair 
Hill), having a gross calorific value of from 10,000 
to 10,500 B.t.u. per Ib. as fired. The efficiency 
guarantee is 84 per cent on normal rating based 
on the gross calorific value of the coal, with 82 per 
cent for maximum load conditions. 

The ash handling is on the hydraulic sluicing 
principle, discharging to a large sump under the 
transporters between the boiler house and the river. 
Mechanical draft equipment for the boilers consists 





View of furnace interior completed. 
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of three forced and three induced draft fans, that 
_is one set for each boiler, furnished by Musgrave 
and Co., Ltd., Belfast. The forced draft fans are 
each driven by a 150 hp. motor and have a 40 in. 
dia. rotor, with a speed range of 500 to 870 r.p.m., 
taking 62 and 132 b.hp. at normal and maximum 
loads respectively, corresponding to 2% and 3 in. 





View of stoker drives and instrument panel. 


W.G. under the stoker windbox. As. regards the 
induced draft fans, these have 46 in. rotors and are 


driven by 240 hp. motors, having a speed variation . 


of 500 to 920 r.p.m., giving 4 ‘to 7% in. suction 
Ww .G. at normal and maximum loads and taking 
85 to 205 hp., respectively. These three induced 
draft fans, taking gases from the air preheaters, 
each discharge to the chimneys through a David- 
gon S.P. cyclone-type dust collector with “D” type 
secondary collector, furnished by Davidson & Co.. 
Ltd... Belfast. These collectors have a capacity of 
90,000 cu. ft. of flue gas per minute at 275 deg. fahr. 
The three boilers also each have one chimney 
8 ft. 6 in. dia. and 7 ft. 6 in. inside the lining, ris- 
ing 57 ft. 6 in. above-the boiler house and built of 


5/16 in. and % in. steel plate with brick lining.. 


; Further each of the boilers and economizers is 
equipped with Parry steam soot blowers using full 
ressure saturated steam. All the valves are of 
mea manufacture and the joints on the 
high- -pressure pipe line are of the Spencer patent 
welded type. 

The new Kent automatic boiler plant control 
system, by George Kent, Ltd., Luton, with electrical 
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transmission throughout, consists of a master con- 
troller which detects the change in steam pressure 
due to load variation and increases or decreases 
the draft accordingly, a furnace pressure controller 
on each boiler which maintains a constant suction 
in the combustion chamber by adjusting the air 
supply, and a fuel air ratio controller, also on each 
boiler, which varies the coal feed. The master 
controller, as usual, is operated from a convenient 
point in the main steam pipe line supplying the 
turbine house. 

The fan speed regulators are provided with a 
maximum of 200 control contact points and the 
sloker speed regulators with 25 contact points, these 
latter being arranged to synchronize with the in- 
duced draft fan motor regulators. 

In connection with the automatic damper con- 
trol there is installed a new design of gear box 
operated by two motors running independently and 
each driving worm gearing on opposite sides of the 
differential. The final drive to the shaft operating 
the damper spindle is by spur gearing, and this 
shaft can be turned in either direction by one of the 
motors, that is according to whether more or less 
control is signalled. Also connected to the final 
driving gear is a friction clutch which terminates 
in another spindle, to which is attached hand op- 
erating gear, such as a wire rope pulley, which also 
operates an indicator showing continuously the po- 
sition of the damper, whether operating on auto- 
inatic or hand control. 

The furnace pressure controller works indepen- 
dently of the master controller, being a measuring 





Boiler room with construction nearly completed. 


device connected to the boiler combustion cham- 
ber, consisting of a single bell suspended in oil, 
which operates contacts in turn controlling the 
forced draft fan speed regulator. 

Limit switches in this fan speed regulator also 
permit combined motor speed and damper control 
to be obtained. Assuming, for example, the most 
efficient conditions are represented by a suction of 
0.10 in. W.G. over the stokers, the furnace pressure 
controller maintains this figure automatically, 
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being sensitive to 0.01 in. W.G. and adjusting the 
electric motor driving the fan accordingly, or al- 
ternatively the fam damper. 

This control equipment is fitted on two large 
panels, one of which is divided into six sections 
and the other into three sections, including draft 
gages, steam flow indicators and recorders, motor 





Boiler control and steam flow panels 


speed indicators, CO and COz recorders, steam pres- 
sure gages, and pyrometers, while hand control at 
any point can be resumed at will. Thus each boiler 
has at the firing floor a black pedestal with three 
control switches, for the induced draft, forced 
draft, and stoker regulation respectively. 

Also the pyrometers in connection with this au- 
tomatic control equipment are of the thermo- 
electric type, supplied by the Foster Instrument Co. 
of Letchworth (Herts), with temperature measure- 
ments at 15 points for the turbine and 12 points in 
each boiler, and accessory equipment. These are 
superheater outlet, economizer water inlet and out- 
let, economizer gas inlet and outlet, air preheater 
inlets and outlets and the windboxes. Readings 
are shown on both an indicating and a recording 
instrument. The former, operating in conjuction 
with a multi-switchboard, is of the “edgewise” 
pattern with a translucent 10 in. scale, continuous- 
lv illuminated and two temperature ranges 0 to 600 
deg. fahr. and 0 to 1200 deg. fahr. Beneath are a 
series of rotary switches by which connection is 
made immediately as desired to any of the 36 
points. The recorder is a 6-point instrument giv- 
ing by means of a multi-colored ribbon six con- 
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tinuous records on the same electrically driven 
chart each in a different color, this ribbon lasting 
about 12 months. Any of the 36 points on the 3 
boilers are also connected to the recorder merely by 
screwing the six concentric connectors provided to 
the required points on the switchboard. 

In writing this description I have to express my 
thanks for information, photographs, and other as- 
sistance to Mr. L. L. Robinson, the Chief Engineer 
at Hackney, and Messrs. Simon Carves, Ltd., the 
Underfeed Stoker Co., Ltd., George Kent, Ltd., and 
the Foster Instrument Co. 








Fuel Engineering is the name of a 4-page bulletin 
issued monthly by the Fuel Engineering Company 
of New York, 116 East 18th Street. As its name 
implies, this publication is devoted to the economics 
of fuel selection and use. The nature of the mate- 
rial it contains is indicated by the titles of the two 
articles in the March issue, one of which is “Direc- 
tors of Industrial Plant Discover in 1931 savings 
overlooked in 1921,” and the other, “Testing one 
hundred million tons of coal removes usual uncer- 
tainties from coal selection.” 

Actual data are given covering specific cases in 
which large savings were realized by the right ap- 
plication of fuel technology with respect to the 
selection of fuel and its use on the equipment in- 
stalled. Much emphasis is placed on the impor- 
tance of determining the most economical and suit- 
able fuel for a particular plant before the fuel burn- 
ing equipment is purchased. 

This publication is edited by G. B. Gould, presi- 
dent of the Fuel Engineering Company, and author 
of “Steam Generation Steps Ahead.” 

The bulletin is distributed gratis to those who are 
interested in the selection and utilization of fuels. 
Plant operators and those charged with the respon- 
sibility of fuel purchase will find this publication 
not only interesting but of very practical value. 





Poole Foundry & Machine Co. is the new name of 
the company formerly doing business as The 
Poole Engineering & Machine Company, Wood- 
berry, Baltimore, Md. S. P. Brady, President, S. P. 
Brady, Jr., Vice President, L. M. Rickette, Secre- 
tary and Treasurer. This change in name is the 
fifth since the business was organized in 1843 as 
Poole & Ferguson. In 1851 the company’s name 
was changed to Poole & Hunt; in 1888, the name 
of the organization was Robert Poole & Son Co., 
in 1903 the Poole Engineering & Machine Com- 
pany was organized under which name the com- 
pany carried on until the present change of name 
as above mentioned. 





Brooklyn Edison Company has appvuinted J. F. Fair- 
man electrical engineer. Mr. Fairman has been 
asst. electrical engineer of the company since 1926. 
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NEW EQUIPMENT 


of interest to steam plant Engineers 





Automatic Welding Head Feeds 
Filler Metal to Shielded Arc 


A wire feeding head which allows auto- 
matic arc welding with the shielded arc 
process has been developed by The Lin- 
coln Electric Company of Cleveland, 
Ohio, manufacturers of “Stable Arc” 
welders and “Linc-Weld” motors. 

The result claimed for this head is 
very high speed operation on either butt, 
fillet or building up welding. 





The shielded arc technique is secured 
through the use of the Electronic Tor- 
nado welding head and a fibrous auto- 
genizer which is fed into the arc flame. 
This autogenizer burns and forms a gas 
excluding the oxygen and nitrogen of 
the atmosphere while the metal is molten. 
The welding head utilizes a carbon arc 
around which is superimposed a magnetic 
field that directs the arc stream on the 
line of fusion. 

Full automatic control of the arc is 
obtained, thus maintaining the heat of 
the arc constant. 

Continuous filler metal is obtained from 
a reel mounted on the head and fed into 
the arc just in front of the arc travel. 
The rate at which the filler metal is fed 
into the arc can be varied so that the 
amount of metal deposited can be made 
to meet the conditions demanded by the 
speed of the head and the type of weld 
being made. Since the rate at which the 
filler can be fed can be varied independent 
of the speed of the head travel, only one 
size of filler metal is necessary for any 
work within the range of the machine. 

The only factors determining the most 
desirable size and form of the filler metai 
are ease of handling, compactness of the 
coils and minimum disturbance of the 
arc. In view of these factors filler strip 
3/16 in. wide and 1/16 in. thick has been 
adopted as standard and is furnished in 
70 pound coils 12 in. I.D. and about 18 
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in. O.D., and 3% in. traverse. These 
coils are securely tied and treated to pre- 
vent corrosion during storage. When be- 
ing used the coil of filler is mounted on a 
steel reel furnished with a detachable 
head. 

It is claimed that the use of this auto- 
matic brings several important improve- 
ments to welding. Namely— 

1. The filler metal carries no current 
and its size is independent of the cur- 
rent used for welding. 2. As the filler does 
not carry current, spatter and waste is 
largely eliminated. 3. The filler strip does 
not pass through the arc as in metallic 
welding, but beneath it, and is therefore 
not subject to the extremely high tempera- 
ture of the arc stream. 4. It makes pos- 
sible a practical method of shielded arc 
welding where it is desirable or necessary 
to add filler metal. 

It is claimed a tensile strength ranging 
from 65,000 to 80,000 Ib. per sq. in. is 
obtained, with a ductility of 20 per cent 
or more elongation in 2 in. It is also 
claimed that a resistance to corrosion 
better than mild steel is obtained. 


Preventing Escape of Unburned 


Gas or Oil 


One of the new developments in the 
automatic control field is a device which 
provides instant and positive protection 
against the escape of unburned gas or 
oil in the event of flame or pilot failure. 
Although it may be used in place of the 
customary combustion or pilot safety de- 
vice, its outstanding characteristic is its 
ability to handle installations where con- 
ventional controls are inadequate. 

‘This new system, called the Protecto- 
glow, has been developed by the Minne- 
apolis-Honeywell Regulator Company. 





The Glo-Relay 


It is entirely electric, has no mov- 
ing parts and is not dependent upon 
temperature. The heart of the de- 
vice is the Protectoglow tube, which 
acts as an electrical relay and is capa- 
ble of operating at the command of 
an exceedingly minute electric current 
passed through the flame itself. Should 


the flame fail, the circuit through the 
flamé is broken, instantly shutting off the 
gas or oil flow. In the absence of pilot 
flame, the Protectoglow will not allow 
the burner to start. 

The Glo-Relay is used in conjunction 
with the Protectoglow and serves to oper- 
ate the valves or motor of the burner at 
the command of the thermostat, control 
switch, or Protectoglow. It is self-con- 
tained and is available for either constant 
or intermittent ignition burners. 


Boiler Water Testing Cabinet 


The Elgin Softener Corporation, Elgin, 
Ill., has developed the Elgin Boiler Water 
Test Cabinet No. 101. This consists of 
the Concentrometer, for measuring the 
concentration directly in grains per U. S. 
gallon; and the apparatus and reagents 
necessary for chemical analysis. The 
concentrometer is furnished in a portable 
case while the reagents, test tubes, flasks, 
pipettes and burettes are mounted in a 
sturdy, gray enameled steel cabinet. This 
cabinet, designed to be hung upon the 
wall, measures 26x 3514 x9 in. and con- 
tains all the equipment necessary to make 
a complete chemical examination of boiler 
water for hardness, hydroxide, alkalinity, 
carbonates, chlorides, total soluble con- 
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centration and suspended matter. Com- 
plete directions are also given for calcu- 
lating sulphate content and sulphate-al- 
kalinity ratio. 

Regardless of the method of water 
conditioning employed—whether zeolite, 
boiler compounds, continuous blowdown, 
sludge deconcentration, lime-soda, hot or 
cold process—the engineer must know 
accurately a few fundamental character- 
istics of the water if proper balance is 
to be maintained and treatment is to be 
correct, economical and safe. The Elgin 
testing cabinet provides the necessary 
chemicals and reagents to make the vital 
tests and determine how the treatment 
should be modified and to what extent 
changed. Complete instructions are en- 
closed with each test set. Special sheets 
or water reports are also furnished, en- 
abling the engineer to watch his water 
from hour to hour or from day to day 
and know exactly what treatment is re- 
quired, whether too much or too little 
has been used and at the same time keep 
a record of the water conditioning and 
treatment employed. The instructions give 
a number of examples covering practical- 
ly every case so that correct balance can - 
be maintained and embrittlement pre- 
vented. As the concentration in grains 
per U. S. gallons can be determined with- 
in a few minutes and the water analysis 
can be taken at any time with little 
trouble, it becomes a simple matter to 
determine and maintain the correct bal- 
ance, sulphate-alkalinity ratio and stand- 
ardize definitely upon a pre-determined 
concentration. 
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Butterfield, Dr. E. E. ‘a 
Putting Human Wastes to Work. Feature Editorial .... 
(Sept. 1931) 


Childs, Leslie. ‘ ; ; 
Liability of Heating Company for Negligence in Making 
Steam Supply Connection to Building ....(Nov. 1931) 


Clendon, G. W. 
Water-Cooled Furnaces, and Firing Methods for Pul- 
verized, Liquid and Gaseous Fuels (Feb. 1932) 


Cross, B. J. 


Combustion Characteristics of Fuel Oil, The (July 1931) 
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Graphical Representation of Engineering Equations ..... 
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de Lorenzi, Otto. 
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Central Steam Heating Plant Effects Remarkable Econ- 
omies (Nov. 1931) 


and Pul- 
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Drabelle, John M. 
‘Dual Purpose Power Plants for Commercial Distribution 
of High Pressure Steam. (July 1931) 
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Farmer, John T. 
Economics of Electric Power Production, The. (June 1932) 


Fish, E. R. 
Boiler Feed Water Conditioning. Feature Editorial .... 


(July 1931) 
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Results of Re-Treatment Tests of Alabama Coals 
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Joos, C. E. 
Hydrogen Ion Determinations in the Steam Plant 
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Keeth, J. A. 
High-Pressure Boiler and Turbine Operation at Northeast 
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ee 


Klein, Julius. 
Water Power and Steam 
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Krieg, E. H. 
Recent Extension at Porto Alegre, Brazil .. (April 1932) 


Ludt, A. R. 
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Marshall, L. J. 
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History and Developments in 
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History and Developments in 
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1—Bound Volume Number Ill 

COMBUSTION 

July 1931-June 1932 

The present (June) issue of COM- 
BUSTION completes the Third Vol- 
ume of our magazine. We are pre- 
pared to supply bound copies of this 
Volume containing the twelve issues 
from July 1931 through June 1932. 
The book will be bound in red library 
buckram, uniform with the first two 
volumes. Gold lettering on back. 
Price: $5.00 if order is received prior 
to July 1. Thereafter the price per 
volume will be $6.00. 
A very limited supply of volumes one 
and two is available and copies will be 
furnished at $6.50 each until the sup- 
ply is exhausted. 


2—Examination of Water (Sixth 
Edition 1931) 

(Chemical and Bacteriological) 
By William P. Mason. Revised 
by Arthur M. Buswell 
224 pages 6x9 Price $3.00 
This book, published thirty-two years 
ago, has proved its value and reli- 
ability through constant and wide- 
spread service. It is known as one 
of the best authorities on the subject. 
The present edition is a great im- 
provement over previous. editions. 
Although changes have modernized 
the book completely the aim of the 
book remains unchanged—to give 
suggestions for the determination of 
mineral matters in water and present 
such material on the bacteriological 
examination as has been demon- 
strated to be of real service to the 
water examiner. Table of contents: 
Introductory chapter; Directions for 
Taking a Water Sample; Routine 
Laboratory Methods for the Estima- 
tion of Mineral Constituents; Labora- 
tory Exercises in Water Treatment; 
Bacteriological Examination of 

Water; Appendices. 


3—Combustion in the Power 
Plant (A Coal Burner’s 
Manual) 


By T. A. Marsh 
255 pages Price $2.00 
The author’s discussion of coals and 
combustion is simple and understand- 
able. His consideration of equipment 
—stokers, boilers, furnaces, fans and 
auxiliaries—is thoroughly practical. 
He tells how to select a stoker for the 
best available coal; how to design fur- 
naces and arches; how to analyze 
draft problems and design chimneys, 
gas flues and boiler passes; how to 
purchase coal and calculate steam 
costs. He gives to every phase of his 
subject a practical interpretation that 
makes this book of exceptional value 
to men actually identified with steam 
plant design and operation. 


4—Draft and Capacity of 
Chimneys 
By J. G. Mingle 
839 pages. Illustrated Price $3.50 
The most authoritative book ever pub- 


lished on the subject of draft and 


chimneys. The subject matter has 
been developed primarily from a theo- 
retical standpoint and then amplified 
by experimental data gleaned from 
actual practice. 

The author observes that draft, even 
to the expert, frequently contains an 
element of mystery, and that there is 
often a great deal of confusion and 
misconception on the subject. A care- 
ful study of this book will give a thor- 
ough and practical knowledge of this 
important subject. 

The book is profusely illustrated with 
graphs and charts. Many valuable 
tables are included and the index has 
been prepared for ready reference. 


5—Electrical Phenomena in 
Gases 

By Kar] Kelchner Darrow 
500 pages 6 =z? Price $8.00 
The work is addressed to the descrip- 
tion and elucidation of the general 
principles of the conduction of elec- 
tricity through gases and the methods 
and results of experiment. Dr. Dar- 
row, research physicist at the Bell 
Laboratories, not only is thoroughly 
familiar with the recent developments 
of the subject, but has written and 
lectured on various parts of the field. 
He has written a book in this instance 
which is the latest authoritative word 
on a_ subject of wide interest to 
physicists and chemists. Chapter 
headings: Onset of Ionization: Like- 
lihood of Ionization: Excitation and 
Radiation: Interception and Scatter- 
ing: Elementary Theory of Drift: 
Data of Mobility: Diffusion of Ions in 
Gases: Recommendation and Attach- 
ment: Self-Amplified Ionization and 
Breakdown: Space-Charge: Plasma 
and Sounding-Electrodes: The Self- 
Sustaining Glow: The Self-Sustaining 
Are. Contains 88 line engravings, 9 
halftones. Bound in green silk. 


6—Pitman’s Modern Language 
Dictionaries 


By authorities in the several lan- 
guages. Uniform binding, green 
cloth with gilt lettering. Crown 8vo. 
Useful in commercial correspondence. 
French-English and English-French, 
578 pages, price $3.00. German-Eng- 
lish and English-German, 992 pages, 
price $4.50. Italian-English and Eng- 
lish-Italian, 1180 pages, price $8.50. 
Spanish-English and English-Spanish, 
833 pages, price $3.00. Portuguese- 
English and English-Portuguese, 486 
pages, price $4.75. 


Postage prepaid in the United States on all orders accompanied by remittance or amounting te five 
dollars or over. 
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Roe, R. C. 
Heat Transfer Fluids, Feature Editorial .. 


Rogers, Chas. M. 
Natural Gas for Industrial Boiler Plants .. 


(Dec. 


(Aug. 1931) 


Rosencrants, F. H. 
Design of Steam Generating Plants, The. Part 1 
(March 1932) 
Design of Steam Generating Plants, The. Part 2 
(May 1932) 
Design of Steam Generating Plants, The. Part 3. ...... 
(June 1932) 


Sams, G. E. 
Past and Present Developments of Water Gages 
(April 1932) 


Schiefer, H. V. 
Handling Coal and Ashes at Longworth Steam Station .. 
(Aug. 1931) 
Schroeder, W. C. 
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Balancing Supply and Consumption of Energy 
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New Brazil Plant Burns Low Grade Coal at High Ef- 
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New Steam Traps for High Pressures and Large Dis- 
GE 6 Kas daveccansiedvconwacneruwetgans (Oct. 1931) 
Veenschoten, V. V. 
Economics of Feedwater Regulation, The .. (Aug. 1931) 


Warrington, K. R. 
Combustion Control Coordinates New Power Plants .... 
(Dec. 1931) 
White, E. J. 
Continuous Weighing with Light Sensitive Cells ....:... 
(April 1932) 
Whitlock, Col. Elliott H. 
Smoke Abatement. Feature Editorial 


Winship, L. C. 
Direct Steaming Effects Fuel Economy and Increases Loco- 
motive Availability (Nov. 1931) 
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R. H. Beaumont Company and Beaumont Manu- 
facturing Company, 319 Arch Street, Philadelphia, 
manufacturers of coal and ash handling equipment, 


announce the appointment of Fred B. Lythgoe, 


89 


Broad Street, Boston, as New England representa- 


tive for both companies. 
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DISODIUM, TRISODIUM 


PHOSPHATES 
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I al-aelULotel-1 Wo} Mo] alol to) alohi-\- Meh im stolid 4-1 
manufacture in treating the usual hard- 
ness difficulties of Calcium Carbonate, 
Magnesium Carbonate Sul- 
phate, etc., indicates its remarkable 
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Delivered promptly from distributing 
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CONSOLCO 
GASKETS 


used in Water Walls and 
Boiler Valves and Pipe Fittings 
of the 


Eight New Boilers Installed 


at the 


HUDSON AVENUE STATION 
of the Brooklyn Edison Co. 


Manufactured by 


CONSOLIDATED 
PACKING & SUPPLY CO. 


21 Barclay Street New York, N. Y. 














MAURER 
FIREBRICK 


used in the settings 
for the eight new boilers 
at the 
HUDSON AVENUE STATION 
of the 
BROOKLYN EDISON COMPANY 


The Brooklyn Edison Company also 
has used Maurer Firebrick in main- 
tenance work for many years past. 


HENRY MAURER & SON 


420 East 23rd St., New York 
Factory, Maurer, N. J. 


Manufacturers of quality firebrick since 1856 











SCAIFE 


Water Softeners & Filters 











Pressure Filter and Zeolite Softeners 


Intermittent, Continuous, Hot Process, Semi-Hot Process, 
Cold Process and Zeolite Water Softeners. 
Gravity, Pressure and Oil Removal Filters. Specially 
designed Water Purification Systems to meet specific 
requirements..: 

Manufactured By 


WM.B. SCAIFE«¢: é 


Chicago Pittsburgh 


Executive Office, Oakmont, Pa. 


New York 

















Boiler, Stoker and Pulverized Fuel 
Equipment Sales 


As reported by equipment manufacturers to the 
Department of Commerce, Bureau of the Census. 








Boiler Sales 


Orders for 253 boilers were placed in March 
by 72 manufacturers 





eater Square feet 


SNE ccna cack enleeaenee keV ns Gwalb lien 5 344,438 
OE. SR eS Te Tee 568 544,266 
anuary to March (inclusive, 1932)......... sae 725 816,968 
a eae) ere Ane 1,580 1,555,346 
RE Ere eee pre are 7,508 6,327,262 





NEW ORDERS, BY KIND, PLACED IN MARCH, 1931-1932 
March, 1931 March, 1932 











‘ ‘N 
Kind umber Square feet Number Square feet 
Stationary: 

. ee rere ee ee 51 248,034 45 234,822 
Horizontal return tubular. . 40 43,667 18 23,590 
Vertical fire tube......... 53 14,178 29 6,755 
Locomotive, not railway.. 6 5,207 9 7,230 
ee rrr ree 367 192,320 131 54,889 
ee 22 21,058 ecca® -) ‘sake 
Self contained portable.... 24 16,138 18 16,567 
PEAGOOMAMOOUE o.06c.0c 0080 5 3,664 3 585 
| RO eG are are 568 544,266 253 344,438 








Mechanical Stoker Sales 


Orders for 60 stokers totaling 8,629 hp. 
were placed in March by 55 manufacturers 





Installed under 
= 3 





“Fire-tube boilers Water-tube boilers 
nile, we 





“ No. Horsepower “No. Horsepower 
4 


Sn” aucsihccer ek aceen ats 60 8,629 23 16,437 
Oe errr re 79 10,298 39 14,054 
money to March (inclusive, 1932). 193 27,144 94 48,941 
Gtivalent period, 1931.....ccccecss 279 36,246 129 44,360 
WENN, SER CANS sha SNCS ES NaS ROR CD 1,889 252,571 574 187,507. 


* Preliminary. 





Pulverized Fuel Equipment Sales 


Orders for 6 pulverizers totaling 9,300 Ib. 
were placed in March 








STO RAGE SYSTEM 
Pulverizers Water-tube Boilers 
A. — 














i a. o ne “— 
n 
5 33 
s ams 9o§ tf. 3 
B23 3& :.. * 
ss Zw =8 os &¢ 
S toe 2 Pa) ss 
E i =| 4 a 3 ee to “> 
2 so. 88 yg &8 £46 
mp a ane = “ae ag 
S ste S. && 83 CF 
ot 
eziz ef 2 Bh 48 
DO, “ED occs benseces a oe, we | Meweda O68 ckskee0"  cebeans 
BEOPOR: 2988 no sinccecvicc : oe Ce Ss"! Weve “beetues 
January to March (inclu- 

SE TEE 6.0 0:06456.004% a ae ee ta Seatian- 2062 enes 
Equivalent period, 1931.... Ss 1 160,000 2 £80,277 1,079,000 
ae re 8 7 1 250,000 4 126,471 1,797,000 

DIRECT FIRED OR UNIT SYSTEM 
Pulverizers Water-tube Boilers — 
cr A NO — ‘ 
| ree 2 = 4,500 2 5,400 32,000 
Oe eer ae 13 13 .. 122,000 8 93,960 1,404,000 
January to March (inclu- 

rrr 21 17 +4 108,288 18 112,109 1,042,950 
Equivalent period, 1931.... 23 19 4 170,500 18 144,500 1,891,675 
»  .. eee ner.* 72 52 20 450,960 58 417,327 4,455,595 

Fire-tube Boilers 
ee ee es 4 .. 4 4800 “4 8,000 41,000 
eS a re a & 2,750 1 3,004 22,500 
January to March (inclu- 

"3S. Ee eeeppeiense ae 4 4,800 4 8,000 41,000 
Equivalent period, 1931.... 11 [me 11,000 10 13,504 98,200 
Ee ree 35 11 24 39,300 37 59,761 347,100 
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Greater Cleaning Efficiency 


The exclusive Bayer feature 
of full blowing force properly 
directed ig the reason why 
Bayer Balanced alve-in 
Head Blowers do a better 
cleaning job with less ~ 1 re 
less time, and less w 
In the Master Model “K.2" 
at the left, the valve, though 
truly rt of the Blower 
Head, is operated entirely in- 
dependent of the rotating 
ment. The — are to- 
ther in the operator’s 
ands. This Bayer principle 
insures full cleaning action 
= the minimum of steam 


BAYER CHROMITE is our 
vets ~— = the a 
ese 
ur experience with effective + ll emante ane fabricated 
soot-blower installations may into continuous length of 
rolled tubing (not cast). ae 
heat resistance of RO- 
MITE combined a air- 
cooling produces a_ soot- 
blower element that is im- 
mune to oxidation and Vi 
ing even when exposed 
temperatures as high as 2650 
deg. fahr. 





There are other Bayer fea- 
tures fully described in our 
new catalog that are well 
worth your consideration. If 
ou are — in a 
or any type of boilers, tell 

us your needs, 


. for every type 
ot boiler 





1508 Grand Blvd., St. Louis, Mo. 


with BAYER SOOT BLOWERS 


THE BAYER COMPANY 





Quickly and accurately 
made at moderate cost 


INCE 1907 the Fuel Engineering Company of 

New York has maintained a specialized fuel test- 
ing laboratory, primarily to supply to its own staff 
this necessary, basic information in connection with 
its consulting services, which have to do exclusively 
with coal selection and steam generation. 


The facilities of this laboratory, in which more 
than 100,000 coal samples have been tested, are 
available at a moderate charge to anyone who has 
coal samples to be tested. 


Our regular operating schedule for the proximate 
analysis (Volatile, moisture, ash, sulphur and 
B.t.u.) requires that reports shall be mailed the day 
following the receipt of the sample. 


Tests of Fuels other than coal are also furnished. 


FUEL ENGINEERING COMPANY 
OF NEW YORK 
116 East 18th Street, New York 


Consulting Fuel and Power Engineers 


FUEL ENGINEERING COMPANY OF NEW YORK, 
116 East 18th Street, New York 


Please send me further information on your fuel analyses 
together with costs. 





r-COAL ANALYSES— 








ADVERTISERS 


in this issue 
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Cheesman-Elliot Co., Inc. ........ Fourth Cover 


Combustion Engineering Corporation 


Second Cover, 4-5 


Consolidated Packing & Supply Co. ........ 49 
Crosby Steam Gage & Valve Co. ........... 8 
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Uehling Instrument Company ............. 6 
Westinghouse Electric & Mfg. Co. ......... 2 
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GIMCO 
FLEXFELT 





LEXFELT is made in flexible and semi- 
rigid sheets by fabricating Gimco Rock Wool 
between various types of metal nettings. Its 
high efficiency up to temperatures of 1250 deg. 
fahr. and adaptability to irregular and odd-shaped 
areas, makes it an excellent insulation for boilers. 


Flexfelt can be applied within the setting of new 
boilers or on the outside of boilers already 
erected. Flexfelt can be given a pleasing, white, 
outer finished surface by plastering with Gimco 
No. 320 Monolithic Insulating Cement. 


GENERAL INSULATING & MFG. 
COMPANY 
Alexandria, Indiana 


Eastern & Export Office, 
370 Lexington Ave., New York City 











More than 50 Miles of 
GLOBE 
Specially Bent 

BOILER TUBES 


installed in the 


BROOKLYN EDISON CO. 


Hudson Avenue Station Boilers 


GLOBE STEEL TUBES CO. 
Mills and General Offices: MILWAUKEE, WIS. 
Offices in Principal Cities 





—used in Furnace Waterwalls 
and Economizers in the new 
addition to the— 

HUDSON AVENUE STATION 














REPRINTS oF agricuts 


IN THIS ISSUE OF . 


_.. . COMBUSTION 


ARE AVAILABLE . ... . 


- «+ « Provided the quantity is not 
less than 100 copies and the 
order is received by June 10. 


IN-CE-CO PUBLISHING 
CORPORATION 200 Madison Ave. 


New York, N. Y. 
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Hudson Avenue Station of the 
Brooklyn Edison Company, Brooklyn, 


THE MODERN CONDENSER Bg FS gt" 


feeding, condensers, circulating 
water and hot well service. 


Units Nos. 1, 2 and 3 of the Hudson Avenue Station of 


the Brooklyn Edison Company, have 70,000 sq. ft. of tube Ingersoll-Rand 
surface, and circulating pumps of 100,000 gallons capacity Equipment for the 
to serve 50,000 KW turbines Central Stations: 


Surface Condensers 


Boiler-Feed Pumps 
100,000 sq. ft., and 145,500 gallons to serve a General Circulating Pumps 


Electric 160,000 KW turbine. Condenser size has been in- Condensate Pumps 


; ; Service P 
creased 143% and turbine size 320%. si pal 


INGERSOLL-RAND COMPANY, 11 Broadway, New York City Pata 
aving Breakers 


Air Compressors 


Ing ersoll-Ran 


No. 8 unit is an Ingersoll-Rand single pass condenser of 


Branches or distributors in principal cities the world over 















PS IT ALOIS A TOOTS UR IS 


Close-up of stack serving the 8 new units at Hudson Avenue. 
This stack is 23 ft. 6 in. inside diameter, and extends to a 
height of 350 ft. above the 130 ft. elevation of the boiler 
room floor. The small building structure at the base of 
the stack houses the induced draft fans, breechings, etc. 


General view of the Hudson Avenue Station. Stack on 
right serves new units. Picture was taken before installa- 
tion of new units and consequently does not show structure 
at base of stack shown in upper photograph. 
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CE-CO TECHNICAL PAINTS 
Used By Brooklyn Edison Co. 


CE-CO Heat Resisting Paints protect the stacks of 

this great station. Other CE-CO Technical Paints 

are used on steel and miscellaneous equipment 
throughout the plant. 


CE-CO PRODUCTS 
for the Power Plant 


CE-CO Heat Resisting Paints 
CE-CO HI-DEGREE GRAY COATING—a gray flat finish which will not 


crack or peel on bare metal surfaces subjected to temperatures up to 1400 
deg. fahr.—or even higher. It also resists corrosion from weather ex- 
posure and from ordinary stack and plant fumes. 

We recommend CE-CO HIGH HEAT BLACK ENAMEL or No. 750 HIGH 
HEAT BLACK for temperatures up to 600 deg. fahr. on stacks, boiler 
fronts, etc. We also manufacture CE-CO STACK PAINT in colors and 
No. 1202 ALUMINUM HEAT RESISTING PAINT. 


CE-CO Industrial Enamels 


CE-CO PIPE ENAMEL—a high grade enamel for the identification of pipe 
lines and for resisting moisture, oil, grease and moderate fume and heat 
conditions. Dries to a smooth, glossy film. CE-CO ENGINE ENAMEL—a 
high grade, heat resisting oil-proof enamel for high class work. Especially 
recommended for finishing engines, steam turbines, generators, pumps, com- 
pressors and general machinery. CE-COQ CEMENT FLOOR ENAMEL— 
penetrates and fills the pores of cement, acts as a binder and tends to 
prevent disintegration of the floor surface under traffic. Dries quickly to a 
hard, smooth, lustrous finish that resists wear exceedingly well. 

All of these enamels are made in any desired shade. 


CE-CO Stack Lining 


CE-CO STACK LINING, a composition of putty-like consistency, may be 
quickly and easily applied to the interior of metal stacks. It forms a 
continuous, jointless lining, tough, adhesive and cohesive, which meets 
the expansion, contraction and flexing of the metal. It protects the stack 
from corrosion by flue gases, moisture, heat and acids, and prevents 
erosion by cinders. The use of CE-CO Stack Lining greatly reduces con- 
struction costs. 


Other CE-CO Products 


Metal Preservative Paints: For all conditions. Special paints for resisting 
gases, fumes, heat, sweating, ete. 


Bituseal for sealing oil or grease stained surfaces and for application to 
tar, asphalt or other bituminous coatings. 


Aluminum Paints: For resisting heat, fumes, etc., and for general interior 
and exterior use. 


CE-CO Fume Resisting Interior and Exterior Paints. Numerous shades. 


CE-CO Utility Paint: A high grade paint for general exterior use on 
metal or wooden buildings, doors, trim, sash, ete. 


CE-CO Acid & Alkali Resisting Paint. Made in black and colors. 


Interior Paints and Enamels for all classes of work. 


CHEESMAN-ELLIOT Co., Inc. 


ie Established 1876 . x 
TECHNICAL PAINT MAKERS 


639 Kent Avenue, Brooklyn, N. Y. 
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